





































one and at times, did seem impossible. However, I believe that one of the greatest feelings is
achieved by taking on challenges everyone else thinks are not possible, whether personal or
professional,andproving tooneself firstlyand theworld secondly, that in fact it ispossible.This
journeywould not have been possiblewithout the great support provided bymy professor and
mentor Ove Tobias Gudmestad, who was one of the few who I felt truly believed in me and
supported me through my entire master degrees, both in Asset Management and Subsea
Technology.He reinforced inme the importanceofbeingpassionateaboutwhatonedoeswhile
enjoyingitatthesametime.Thelateeveningsandlongsessionsoftenclosinginpleasantchatsand
lighthumorallowedme tounderstandhispassion foreducationand forhelpingproducesomeof
thebestsubseaengineerstheindustrywillsee.







Thanks toProfessor Løsetandhis team, Inow carrygreatmemoriesofour field trip toSvalbard
wherewehadtheopportunitytoconductseveraltestsonnaturaliceandseefirsthandpolarbears
and arctic northern lights. It is a pleasure spending time with such knowledgeable and humble
people.
Iwouldliketothankmyfamily,whohasbeenagreatsupportforme,encouragingmealongtheway
andbelieving inme.Myparentswhoraisedmetobelieve inmyself,challengethenormsand live
life to the fullest;my brotherswho are alsomy rolemodels and best friendswho have heavily









Masters Project Description 




Problem / Challenge 
Estimates indicate that approximately 25% of the world’s unexplored hydrocarbon reserves lie
beneaththedepthsoftheArcticregions,witharound1%(1.5billiontonofoilequivalent)ofthat
lyinguntappedunder thedepthsof theNorwegianBarentsSea.Concurrently, thehighnorthand
Arctic are vaguely understood and lack of infrastructure in these areas makes it hard to gather
sufficientdata tobe able to conduct detailed analysis. Furthermore, the distinct inhabitants and
sensitiveecosystemmaketheseregionsextremelyfragileandsensitivetochange,whichneedstobe
carefullyconsideredbycompanieslookingtoexploreforoilandgasintheseareas.
This project reviews the currently identified challenges and by conducting hazard identification,
failure mode and criticality analyses, different field development solutions are scrutinized. By




Projectscope includes the reviewofcurrently identifiedandacknowledgedchallenges in thehigh
north and Arctic regions specifically focusing on the Norwegian Barents Sea. This includes the
characterisation of challenges and putting them into context as to why they pose threats on
production systems. To complement the review of the latest field development concepts, a grid
analysishelpshighlighttheirstrengthsandweaknessesaswellastheirapplicabilitytothehighnorth
andArctic.Following,ahazardand failuremode identificationanalyses iscarriedouton the field
developmentconcepthighlighted through thegridanalysisbefore investigatingbestavailableand
qualifiedtechnology(BAQT)relatedtotheconcept.
Project Tasks 
1. Conductreviewofcurrently identifiedandacknowledgedchallenges in thehighnorthand
ArcticregionswithspecialfocusontheNorwegianBarentsSea.




4. Propose field development concept for “Johan CastbergͲtype” field in the Norwegian
BarentsSeabasedonanalyses,reviewofBAQTandgridanalysismentionedabove.


























































































As the world’s global energy demand soars, engineers and innovators all around the world are
pressed tocomeupwithsolutions tomeet theseneeds.Even though largeadvancesaremade in
fieldssuchassolarandwindpowergeneration,fossilfuelsintheformofoilandgasarestillproving
tobe themostpopularandefficientsourcesofpower.Therefore,within theoilandgas industry,
exploringnew territoriescoupledwithenhancinghydrocarbons recovery technology isessential in
continuingtosupplythisdemand.Figure1showstheglobaldemandforoilandgasinrelationtothe
globalpopulations from1971andahead to2030; theproportionality to theworld’spopulation is
notablebutthequestionis,willitcontinue?
Having practically drained most of the reservoirs within the wellͲ
developedoilandgasregions,newterritoriesarebeinguncoveredto
maintain production volumes. One of the areas gaining increasing
attention is “The Arctic”. With around 58% of the world’s ocean
resources lying beneath the dormant depths of the Arctic seas,
makingupover25%of theworld’sundiscovered resources,energy
majorsareeager to learnmoreabout theseareas (Ralph,Kingand
Zakeri, 2011). An estimated 154 billion ton of oil equivalent,
corresponding to 20x the world’s energy demand in 2003, is
untappedand ready tobeexplored.Theultimategoal isprofitable




















































Challengesunique to thehighnorth andArctic,which, ifnot addressed,will lead to tremendous





Asdescribed in theProblemDescription, theoilandgas industry is facing several challenges that
mustbecarefullyunderstoodandaddressedprior toproducinghydrocarbons from thehighnorth
andArctic regions.Besidesdefining thesechallengesand their impactonproduction systems, the
reportpresentssomeoftheproposedtechnicalsolutionscurrentlyconsideredtobebestavailable
andqualifiedtechnology(BAQT).Thefielddevelopmentsolutionsareconsideredwiththeresultsof









Limitationsof thisprojectaresomewhatdifficult to identifysince theyappearboth in the formof
datascarcity,whichisalsooneofthemainchallengesforArcticexplorationandproduction,aswell
asexclusionstotheincorporatedscope.
Firstly, in termsof scope,environmental implicationsofoilandgasexplorationanddrilling in the







north regions,notall challengesand restrictionsare yet identified. In this report, the knownand
mostnotablechallengesarepresentedandanalysed,howeverthere isagoodchancethatasmore
informationanddata isavailable fromtheregion,morewillemerge.Withthis inmind,onlysome
fielddevelopmentconceptsarediscussedherein.Only theconceptsmostsensibleand relevant to






High North Research Documents database made publicly available by the University of Tromsø
Library,an inͲdepth surveyofArctic challengeswas carriedout.Once the conditionswere clearly
identified, hazard and failuremode reviewwas carried out to get a better understanding of the
designbasisandlimitationsthatwouldneedtobeconsidered.Theanalysiswascarriedoutbasedon
knowledgegainedduringthemasterprogramaswellasdrawingfromworkexperienceandprevious
HAZID’s conducted for oil and gas projects over the course of the author’s career. Papers,
publications,supplierwebpagesandmarketingmaterialwereusedtoresearchavailableoilandgas
production technology systems available, qualified and suitable for cold climate and Arctic
conditions.Finally,buildingontheknowledgegainedduringthemasterprogram,agridanalysiswas
conducted to identify the most effective development solution. Throughout the project and










keeping in mind B.A.Q.T. (best available and qualified technology). The various concepts are
scrutinizedagainstthecriteriaofthenorthernregionsasabackdropandagridanalysisiscarriedout
basedonvariousutilitiestohighlightthemostfavourabledevelopmentoption.Finally,hazardand
failuremodeanalysis (HAZID) iscarriedout for the solution identified in thegridanalysis togeta
betterunderstandingandbroaderperspectiveofthethreatsandhowtheymaybeaddressed.Inthe
discussionandconclusion, the findingsare summarizedand suggestions for furtherwork incepted
throughthevariousanalysesareproposed.
In the first section, initially the scene is set. Different areas in the high north and their local
communitiesarebrieflydescribed, inaddition toabriefmentionof the socialandenvironmental
impacts the oil and gas industry may have on the region. Following, the characteristics of the
Norwegian high north are described such as sea states, water depth, soil conditions and other
relevant factors foroffshoreexplorationandproduction.This leadswell intoapresentationof the
specificchallengesencounteredintheNorwegianhighnorthandArcticregionsthatareusuallynot
encounteredinsuchcombinationselsewhere.Examplesarepolarlows,icingandicebergencounters
etc.Ananalysisof theeffectsof these challenges is consideredas forexplorationandproduction
systems, illustrating the large extent ofwork that is required before commercial exploration and
productionofhydrocarbonsinthehighnorthandArcticregionsshouldbeallowedandisviable.
Secondly, in light of the abovementioned challenges and their effect on different engineered
solutions,developmentsolutionsareconsideredbasedonthepremisesofBAQT.Since theoiland
gas industry isespeciallyconservativeandriskaversewhen itcomestotestingoutnewtechnology
or even existing technology in new areas, only those solutions which have been used in similar
conditionsareconsideredandthestrengthsandweaknessesofeacharehighlighted.Existingfields
developedwith similar technologiesacross theglobearepresentedanddiscussed, identifying the
similarities and differences to field characteristics found in the southern Barents Sea – Johan
CastbergͲtype field. Finally in this section, the development solutions are ranked using various
utilitiesandgridanalysistoidentifythemostfavourableoption.ResultsarepresentedinAppendixG.
Third, assuming that section two covers the “Identify and Assess Opportunities” phase, and the
preferredoptionhasbeen identified through thevariousanalyses, the full fielddevelopmentofa
JohanCastbergͲtypefield,developedusingthepreferredoption,isnowconsideredandhazardsare
identified through a HAZID workshop. The HAZID will enable identification of the failure modes,
threats, effects and most important barriers. Consideration of how to resolve some of these
challengesusingthe latesttechnologyareaddressed insection4.2thereforean iterativeprocess is
used here where results from the HAZID in section 4.3 feed directly into the advantages of
development through subsea system in section 4.2 and challenges from the selected concept in
section4.2arefedbackintotheHAZIDinsection4.3.






and sensitive flora and fauna in theworld.Not tomention, the small selfͲsustained communities
having survived the climate and conditions in the area for several centuries. The ecosystem is so


















The cold temperature coupled with the emulsion of the hydrocarbons within the ice crystalline






Looking furtheralong theecosystemchainandspecificallyat the topof it,areagainhumans.The
localcommunities thathaveevolvedaround thissereneand tranquilenvironmentarenowat risk
since theenvironment theyonceknew sowell isdramaticallyaltered.Culturesand traditionsare
again forced toadapt in lightof these changes, their limited sourceofnutritionwilldiminishand
becomemore scattered and the ice they could once rely onwill become their biggest hurdle to
survival.Anothercommonchallengethatthesecommunitieswillface isthecompleterestructuring
oftheirsocialvaluesandneeds.Societiesthatoncelivedwithandontheirsurroundingenvironment,
willnowbeexposed to firstworld luxuriesand incentivesofferedby the largemultinationalsand
corporates thatare looking todobusiness in theseareas.Will theybeable to resistandmaintain
theirsimpleyetselfͲsufficientlifestylesorwilltheybeinclinedtogiveitupinchaseofmaterialgain?
Stories suchas those from theCanadianArctic,where Inuit tribeshavegone fromeatingcaribou,
polarbear,whaleandsealtofriedchickenandpizzaareabadexampleofhowmoderndaysociety
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has affected the lives of such communities and destroyed cultures. To what extent should the




onto the localecosystem,communitiesand thesocial traditionsandcustomsof thepeople in the
area.Close consultationwith localsandgenuinedialogue should takeplacebecauseeven though

























To provide a frame of reference, consider the characteristics of the Skrugard and Havis fields
(combinedas JohanCastberg field); the latest “elephants” (termused for largeoilandgas fields)
found 210 kmNNWoff the coastofHammerfest (Statoil, 2011 and Statoil, 2012). The fields are
located in close proximity of one another at approximately 72q31'00.78”N and 20q20'28.55”E) as
showninFigure4above,markedbyareddotandthetitle“Skrugard”(DNV,2012a).Waterdepthat
the location ranges from about 360m at Havis to a maximum depth of 403m at Skrugard with
predominantlyflattopographyandmud/sandsediments(DNV,2012b).Thiscorrelateswellwithdata
fromaroundtheBarentsSeawheretheaveragewaterdepthistakentobearound230manddown
toamaximumdepthofabout500m (depths for70qͲ80qN) (Fugro,2005).Following,someofthe





developments in the region. Consequently, installing subsea infrastructure at such a location
provides theopportunity to avoid the effectsof environmentalphenomenawitnessed at the sea
surface such as icebergs and stamukas (pile up of large ice masses), sea ice, wave loads, cold
temperatureandicingtonameafew.Consideringthechallengesintheorderlistedabove,theriskof
icebergsandstamukainteractionscanbeevaluatedforthisregion.Icebergsposesignificantrisksin
theformofglobaland local loadson impactwithfloatingstructuresorbygougingtheseabedand
damagingsubseaequipment.Differentformsof icebergsareshown inFigure5below.Forthecase
considered above, water depths are deep enough to avoid seabed gouging by natural features





(Bear Island),basedon icebergsightings inrecentyearsand thesecond isEastͲFinnmark including












Generally, it isacceptedthatthesouthernpartoftheBarentsSea is iceͲfreeyearround, i.e.no ice




designed towithstand.Asimpleexample istheconstructionofHibernia,theworld’s firstandonly
sea ice and iceberg resistant gravity based platform. It was designed for 1800 MN global load
whereasoperationaldatashowsthat400MNwouldhavebeensufficient(JordaanandPond,2001).
Consequently, due to the vast variations of ice features and limited knowledge about ice
characteristics and properties, operations at present is recommended to be limited to summer
months between roughly June and October. This is also due to environmental concerns where
authorities are reluctant to allow companies tobreak ice sheets in fear that itwill accelerate ice
decayasdiscussedabove.Forthenominatedfieldhowever,JohanCastberg,onlyfirstͲyear ice isa
likelyfeature,more likely intheformofdrift icebutalsopossibleaspack ice.Mainly,thereasona
JohanCastbergandespeciallyShtokmanͲtype fielddevelopmentsare sochallenging, isdue to the
vastvariationthroughouttheyearfrompack icetodrift icetoopenwaters.Themostextreme ice
















occur in thesouthernBarentsSea from time to time, it isunderstood that itwillnot featureona
regularbasis.Furthertothedescribedchallengesfaced inthehighnorthofNorway,climate inthe
BarentsSea is fairlyunpredictabledue to several characteristic features suchaspolar lows,north
Atlantichurricanes, lackofdatagatheringstations,fogand icingamongothers.Thesefeatureswill
nowbediscussedinfurtherdetail.Whatsetsthemapartfromthefirsttwomentionedaboveisthat





definedas lowͲpressure systems thatnormallygeneratewhen coldArcticairbreaksoutover the
warmersea(Figure7).Energytodrivethesystemisprovidedbyheatandmoisturetransferredfrom


























In addition to the harsh weather conditions, large waves, high wind speeds and extremely low











x Reduced mobility of personnel and increased
riskofhumanerror
x Need for winterization leading to increased




vessel deck and superstructure (could lead to
capsizing)








These challenges associatedwith particularly low temperaturesmust be taken into consideration
bothduring design in the formofmaterial selection,winterization,mitigation against freezingor
blockagesandintermsofergonomicsandhumanfactorsengineering.
Associatedwith lowtemperaturesaroundandbelow0qC isthefreezingofwater.Notonlythefact
thatwater expandsby a factorof 10when it freezes,whichwilldamage valves and fittings,but
simplytheconsequenceoficebuildup(seasprayand/oratmosphericicing).Thetwomostcommon
formsof iceaccretiononvesselsandstructures located in theBarentsSeaandhighnortharesea





capsize insomecases. It ismainlydependentonwaveheights (drivenbywindspeed),airandsea
































allow accurate forecasting ofweather phenomena and changes (Allen, 2011).Due to the limited
amountofweatherstations, it ishardtopredictwhenpolar lows,fogbuilduporharshweather is















Development of thick fog is another one of the challenges to be added to the growing list of
commonlyoverlookedorneglectednaturalchallenges frequentlyencountered intheArctic.This is
quitesignificanthoweverespeciallytocrewsthatunfamiliarwiththedifferentphenomenathatare
uniqueto thearctic.Fog isamajor issue in theBarentsSeaespeciallyaroundBjørnøya,the island
nearwhichJohanCastberg is located.ANationalGeographicexplorer,MagnusForsberg, isquoted
saying“fogmade italmost impossibletoseethe island.Conditionsforanyzodiacoperationswere
outofthequestion.”Itbuildsinseveralforms:1.thefirstissimplycalledfogandisoneofthemain
elementsthathinderflying inthearctic.It iscreatedwhenwarmer,moistairfromtheseastreams





and it iswhencoldairhoversoverwarmerwaterandtheair isno longerabletosustainthewater
contentwithin.Itcanbecomparedtosteamformingoverboilingwaterhoweverwith“seasmoke”,
both the sea, as well as the air temperature are relatively low with the air temperature being
exceptionallylow.Thisisoneofthemostdangeroustypesoffogsinceitformsinopenwatersandis
oftenencountered innavigablechannelsandpassages inthepack ice (NAVEDTRA,2001).5.Arctic





is polar nights. Up to three months of the year, the sun does not rise above the horizon in
Hammerfest,which is located at 71qN. This phenomenonmanifests itself further as one travels
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furthernorthandneeds tobe taken into considerationwhenplanningoperations, sincevisibility,
humanbehaviourandproductivityaresignificantlyaffected.
Although these hardͲtoͲforecast features need to be carefully observed and planned for, some
characteristicsinthesouthernBarentsandPechoraSeasaremilderthanthosewitnessedelsewhere.
One example is wave loads. As presented by Hovland and Gudmestad (2006), the table below












to be taken into accountwhen planning operations in the high north, there are other unnatural
challenges.Distance tomarket is the first tobeconsideredhereand is fairlyobvious.This links in
quite closely to the lack of infrastructure in the northern area of the Barents Sea and Arctic.
Currently,therearenofieldsoperating intheBarentsSeawiththeGoliatoilfieldplanningtostart
production in2014.Snøhvit isthenearestgasdevelopmentwithapipeline leadingdirectlybackto
theonshoreterminal inMelkøya,Hammerfest.The importanceofthe infrastructurecomes inthat
most of theNorwegian oil and gas products are exported toWestern Europe andwith a lack of
offshoreinfrastructurenorthofNorne(66°0഻N/8°4഻E)leadingsouthtothemarket,moreinnovative
andexpensiveexport solutionswillbe required.With the current technology in floating liquefied
naturalgas(FLNG),itispossibletoutilizethevolumecompactionadvantagesforgasexporthowever
foroilfieldssuchasJohanCastberg,thiswillbemorecomplicated.
Finally, a very important factor that needs to be carefully assessed and researched is evacuation
proceduresbothforpersonnelworkingonvesselsinthehighnorthaswellasfacilitiesastheycome
oninthenearfuture.Thefurthersouththedevelopmentsare,thelessofachallengeitisduetothe
well established onshore infrastructure to support search and rescue. However, in the northern
regions where pack ice is encountered the challenges increase exponentially. Firstly, there are
currentlynohelicoptersthatarecapableofcarryingsearchandrescuemissionsforareasmorethan
250Ͳ300kmoffshore.ThelimitwouldbefairlyclosetothisnumbersincethereachofaSikorskyS92
longͲrange helicopter is about 1000km, not considering hovering time. So including search and
returnconsumptionthereachwouldbe insufficientevenforfieldsfoundtodaysuchasShtokman,
whichis600kmoffshore.Anotherconcernisthelaunchingofevacuationraftswhenthehostfacility
orvessel iswithinpack iceordrift iceareas.Thiscouldbeextremelydangerousand insomecases
impossible especially that navigation tools in the high north are not as functional as they are
elsewhere.Modernarcticamphibiousescapevehiclesarebeingpurposedesigned,builtandtested
forArcticoperationshoweverno standards currentlyexist for thesevehiclesmaking itdifficult to
advance at the required pace. Conditions in the Barents Sea have not even been identified
sufficientlytoallowadequatescopingforsuchvehicles.
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The technologies focusedon in this sectionwillbemainly related to fixed structures,whichhave




the technologies chosen below are both representative of the technologies used in such harsh
conditions,andthatmaybeanoptionforshallowwater,BarentsSeaapplications.
GravityBasedStructures(GBS)–severalGBSstructureshavebeendeployedinArcticandsubͲArctic
coldclimateregions.Oneexample istheworld’s largestoilplatform:Hibernia (Figure12).Located
315 km eastͲsoutheastof St John’s,New Foundland inCanada (46qN and48qW), it stands at a
heightof224m inonly80mwaterdepth. Itwitnessessomeoftheharshestconditionsseeingon
Earth, including extreme fog (~124 days/year), snow, rain and wind. Serrated edges allow the















storage capacity (Hibernia, n.d. a), it is considered the largest of its kind in Arctic conditions.
Althoughreturnperiod forsuch large icebergsreachingHibernia isdownto10Ͳ4,thestructurehas
beendesignedtoresistthemsustainingonlyrepairabledamage.Thenumberoficebergswithinthe
Hibernia iceͲmonitoring zonehasbeen 45per year since the installationof theplatform in 1997
(Jacques Whitford Ltd, 2009). Standby support vessels have toͲdate managed to tow away all
icebergsencounteredneartheplatform(Hibernia,n.d.b).Packiceincursionsarerareandhaveonly
beenwitnessedtwicesinceinstallation(2003and2008).




A (LUNͲA)off theeast coastof Sakhalin Island (Figure14) inRussia (46q Ͳ54qN).AlthoughPAͲB





andoffshore facilities iceoverbetweenNovemberandMayand in some casesevenduring June,












Sea iceextends typicallyup tomidͲMayandduringextremeyearscould lastuntilendof June. Ice
thicknessistypicallyaround1.5mwhilepackicerangesfrom3Ͳ4mthickandridgeswithkeelsinthe







installed in several locations. Such installations are characterized by shallow waters, such as the
CaspianSea,offshoreSakhalin island(Molikpaqplatform,Figure15),aswellasthefirstArcticͲclass
iceͲresistant platform in the world: Prirazlomnaya in the Pechora Sea. The basic idea of such
installations istotakeadvantageoftheshallowwaterstocreateasturdyandrobustgravitybased
style structure. Sand, ballast, gravel or othermaterials are used toweigh down the structure. A
typicalexampleof suchplatforms is shown in Figure13.Prirazlomnaya,asanexample,hasbeen
stabilizedmakinguseof100 thousand tonsof rubble in addition to122 thousand tonsofballast
(ITARͲTASS,2011).The126msquareͲshapedplatformrequiredanicebreakerandthreetugboatsto









The area is characterized by heavy sea ice and
extremely lowtemperatures,downto Ͳ50qC, inonly
20mofwater. The combinationmakesdesign and
operations of the platform very critical and










Being located under cover 230 days per year, places large loads as well as constraints on the
platform, increasing design consideration both for the platform itself as well as product export
philosophyandemergency response (OffshoreTechnology,n.d.). Ice thicknesscanbeup to1.7m
requiringnuclearͲpoweredicebreakersupportonlocationatalltimes.Icebergsarenotcommonfor






the field toamooredFloatingStorageandOffloading (FSO)unitoff the coastofMurmansk from
whichpointitisexportedtomarket(Niini,KaganovandTustin,2007).
3.3 SubseaTechnology
Sowhat are someof the available solutions for SubseaArctic FieldDevelopment thathavebeen
successfully deployed or are being recommended to date? There are several solutions already
implemented, although only one of which is currently operational in the southern Barents Sea




subsea fielddevelopment, therehasbeennodirect focuson thisarea since it is forecast thatno
dredgingwillberequiredfortheBarentsregionsincetheseabedconditionsarefairlygood.
SubseaDevelopmentwith tieback to FPSO–on theGrandBanks,350kmoff theeastͲsoutheast













and sea ice makes its way to the area once every three years (Doyle and Leitch, 2000). Sea ice
reachesamaximumthicknessofabout150cmandaconcentrationof2/10thupto8/10th(Jacques
Whitford Ltd.,2009). Therefore, riserson the fields are connected to the FPSO via “spiderbuoy”





challenges resulted in extensivedelaysbefore trailer suctiondredgingwas successfully applied at






Anothermajorconcern forsuchdevelopments isvesselstability;accounting for theeffectof icing
alongwithotherenvironmentalloadsisnecessary,especiallyduringinstallationandintervention.
SubseaͲtoͲShore – one of the alternatives gaining a lot of attention in recent years and with
increased efficiency and technological advances is becoming increasingly attractive, is subseaͲtoͲ
shoreorS2S.Snøhvit,anaturalgasfieldlocated143kmoffthenorthwesterncoastofHammerfest,
Norway, istheonlysuchdevelopment incoldclimateorArcticwaters(71.6qN,21qE).Thefield is
located in the southern Barents Sea in water depths of 310Ͳ340 m and includes six remotely
operated subsea manifolds hosting 16 well slots each, control distribution template for power,
controls and chemicals, as well as flowlines for connection of manifolds to the export pipeline
(SUBSEAIQ, 2008). Remarkable features on the project include CO2 capture at the onshore LNG
facilityafterwhichitisreͲinjectedinto
deeperformationsaspartofacarbonͲ
capture initiative aside from the fact
that this is the first subsea field tobe
remotely operated from an onshore
facility. The site of the Snøhvit field
(Figure 19) is iceͲfree year round but
weatherconditionsintheareasuchas
polarlows,highͲspeedwindsandlarge
waves make operations difficult at
times. Temperature drops severely in
winter and icing becomes more
critical, taking some of the smaller




Icebergsarealsonota concerndue to thedrift currents (AppendixD.)andalso since the field is
sheltered by themainland from iceberg generation areas such as Franz Josef Land and Svalbard.
Windandwaveconditionsareaspresented inTable2 for“SouthernBarentsSea”,whicharenot
much different from the conditions on the remainder of the continental shelf. Additional
considerationsonsuchdevelopmentswill include reliabilityofsubseaequipment,shoreapproach,
maintenance and repair tasks carried out during winter or autumn months as well as well
interventionforthesameperiods.
Futuristic Subsea Complex – although this might be a little too ambitious for the current
technologicaladvancesandperhapsa littleunrealisticat itsscale,thisdevelopmentsolutionseems

















submarine, transport system suitable for Arctic regions, was suggested by Jacobsen in 1971
(Jacobsen,1971).Jacobsenclaims“thedesignandconstruction[ofthenuclearpoweredsubmarine]


































Further analysisof such concepts and theirpragmatism shouldbe analysed further tobe able to
qualifythetechnologyandrejectimpracticalsolutions.Greatbenefitcouldbeachievedbybeingable
toimplementsomeoftheseconceptsespeciallyforfieldswithin100kmofMIZ(marginalicezone)









In termsofdefining themost favourable solution,aGridAnalysis (presented inAppendixG.)was
carriedout.The following section sheds lighton the subjectiveconclusionsdrawn foreachof the
scoresprovided.




topside facilitieswas consideredasan importantparameterhowever in theauthor’s view, itwas
considered tobeequallypossible forallsolutionstherefore itwasremoved fromtheanalysis.The








Firstly, the top row in orangeͲlabelled “Weight” defines the utility of each of the “Parameters”
displayedascolumns.“ResistancetoEnvironmentalLoads”and“Availability/Uptime”canbeseen
as having high utility values whereas “Abandonment” and “Water Depth” suitability have lower


















to cater for Arctic / harsh environments. This means that some form of winterization would be
necessaryaswellasicestrengtheningofthehullmostlikelyintheformofadoubleactinghulltobe
abletotakethepotentialloadsintheareaandmaintainintegrityincasetheouterhullrupturesfor
some reason.The cost for suchvesselshas risendramaticallyover thepastyearsespecially since
theyare inhighdemand (referenceoffshoreWestAfrica,AsiaandAustralia–FLNG)andonly few
yardsareabletoproducesuchhighlytechnologicaland largevessels.Buoysareconsideredslightly
cheaper (new build considered), since they are smaller units and less complicated however the
technology is not as widely available and toͲdate only Sevan Marine are producing such a unit.
AlthoughFPSOshavegoodweathervaningcapabilitiesandwhensuitablydesignedareabletotake
large loads,theyarestillvulnerabletoside loadsespeciallywhendriftdirectionchangesrapidlyas








adoubleactinghullwhere the internalhull canbeused to store largevolumesof crudeprior to
offloading.Mostexistingfacilitiesareabletostoreat leastaweek’sworthofproduction incaseof
badweatherandreducedtankertraffic.Largevesselsreachingupto400minlengthareabletocarry







several thousandmeters ofwater (ref. Kikeh FPSO Ͳ 1320m, IracemaNorteArea PreͲSalt Field –
2000m). Installationofsuchvessels isfairlyeasysincemostareselfͲpropelledandcanmanoeuvre














capitalexpenditure intensivereachingbillionsofdollars in fabricationcosts inaddition to thehigh





resilience also helps it in terms of availability score since there is no need to disconnect,
continuouslyhaltoperationsormoveofflocationduringharshweatherandintermsofstorage,the
concrete cells are an effective use of the space to store crude oil.Although this is good for the
availabilityscore, itaffectsdisconnectionandabandonmentscoresonthebalancedview.Escaping
suchfixedfacilitiescanberiskyanddangerousespeciallyduringwintermonthswhereaccesstothe
location isdifficultor ice is inthearea.Duetothe largeairgapbetweentheplatform’scellardeck
andthesealevel,tryingtojumpontovesselsorintotheseacanleadtofatalitiesorseriousinjuries.
MaintenanceonGBSfacilities isgenerallyviewedasgoodsincethefacility isfixedandrigidwhich
simplifies topsideoperations, riserswithin the jͲtubesareenclosedwithin the concrete structure,
which protects them and there are generally large cranes on the installation for lifting of heavy
equipment.
Semisubmersible and TLP – here, SPAR platforms are included within the TLP definition for
simplicity.Althoughthetwotechnologiesaredifferent,thegeneralconceptforthepurposeofthis
exercise is similar. Semisubmersible and TLP solutions are somewhat similar to FPSO and buoy
developmentsolutionswithsomeuniquedifferencesthatwillbeexploredherein.Intermsofcost,
semisubmersiblesandTLPare slightlymorecosteffectivecompared toFPSOsdue to the reduced
complexity, lackofcomplicatedvanning riserandmooringsystem (spiderbuoy turretsystem)and
needformultipleoffloadingsystems(oneoneachendoftheFPSO).Theyaremuchmoresusceptible
toweatherandcannotoperate inextremeseastatesor in icyconditions.Theyrelyheavilyonthe
mooringsystem,whichalsomeansthattheyarefairlysensitivetoinstallationaccuracies.Availability
anduptime isdirectly related and is seen tobe lower than thatofotherdevelopment solutions.
Semisubmersiblesgenerallyhaveno storage capacitywhereasTLPsare in some instancesable to
storesomevolumewithintanksinstalledinthesubmergedpartoftheinstallation.Escapefromsuch
facilities is comparable to that of the GBS structure with the added risk of relative motion with
respect to other seafaring or airborne evacuation vehicles. Water depth for such installations is
generally preferred to be around 500Ͳ2000 m, therefore they are considered more suitable for
mediumͲdeepwater installations. Installation as well as disconnection and abandonment are all
complicatedactivitiessincemooring linesneedtobecarefullydisconnected,thefacilityneedtobe
towed using several tugs and support vessels and such facilities are not very stable during sea
transport.Therefore thesedevelopment solution categories score lowon the all three areas.The











most favourable solution for such an environment, it is the author’s intention to carry out a full
analysis of the different phases of such a development in the Norwegian high north. A Johan
CastbergͲtypefieldisconsidered,composedofa33mgascolumnblanketinga90moilcolumnand
amounting toapproximately400Ͳ600MMboe (Statoil,2011). A fullanalysisofpostDG4 (Decision
Gate)will bemade including construction, installation and operation.Abandonment phase is not
discussed in much detail here since challenges will be similar to the installation and operation
phases.Furthermore,mostoftheNorthandNorwegianSeatechnologieswillbeadequatelyapplied























the fact that a great amount of permanent infrastructure is protected far beneath the waves,
shelteringitfromtheharshenvironmentincludingwaves,winds,coldclimate,seaiceandicebergs.
Only the host facility and vessels are required to resist these harsh elements of the Arctic. It is
recommended to adhere to standard Norwegian practice and develop the field through overͲ
trawlable templates, daisyͲchained to one another leading back to the riser base. In doing this,






separatelyalthough theyall leadback toa single casingandXͲmas tree.Thiswouldallow several
wells tobedrilledateachwell slotand reduce thenumberof templates required. Flexible risers
comingfromtheriserbasearethenconnectedtothedisconnectablespiderbuoyturretsystemon
the FPSO, similar to thatof the TerraNova FPSO. In termsofoiloffloading, a remotely installed
submerged turretand loading (STL)systemwillbeusedconnected tosubseastoragecells tooffer
flexibility, efficiency and safe offshore loading and storage (Smedal and Syvertsen, 1995). This is
particularlyinterestingsinceitallowsoffloadingevenduringtheharshestweatherconditions.




FPSO“lifts” itselfoutof thewater to reducewaveeffects;sea ice,FPSOcan“lower” itself




needs to be implemented either through warm water circulation, electrical heating or use of
antifreezesolutionssuchasglycol(Endrerud,2011).Storagewillalsoneedtobe incorporated into
the vessel in case loading is not possible due to environmental conditions. This can be achieved
througha combinationoroneof twomethods,either storagewithin thehull (SevanmakeFPSOs
withupto2millionbblstoragecapacity)orsubseastoragecells.Asaminimum,thetopsidefacilities
must be able to handle 3Ͳphase separation, oil stabilization and offloading,water treatment and
injectionandgasprocessingandcompressionforpipelineexport.Necessityofwatertreatmentand








due to slight rotationdue towaves,windand surfacecurrents.TheFPSO is thenable to leave its
location safely without damaging risers and simplifies reconnection. Ideal turret location for the
TerraNova FPSOwas found tobe approximately 27%of the lengthof the vessel aftof thebow
(Doyle and Leitch, 2000), for a buoyͲshaped FPSO, it would be located in the centre under the
moonpool.
Thefinalpointthatisessentialtoconsiderduringthedesignofthetopsidefacilities,istheextentof
automation.Reducing themanning in such remoteandharsh conditionswill significantly increase
the risk picture by eliminating or reducing human presence. Automated, instrumented functions
offer higher reliability, availability and reduce the need for safeguarding system however it
introducesandextraelementofmaintenancethatneedstobetakenintoaccount.
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Transportand Loading– since stableoiland richgaswillbe transported from the field,different





significantly reduce loads andpressureon the tankers. This is absolutelynecessary since icedrift
directioncanchangeveryquickly.Figure24belowshows justhowquickly thishappens; itcanbe
observedthatthe icedoesnotonlychangedirectionbutalsoaccelerates intheoppositedirection
within 30 minutes based on the three dots. The second benefit is that the tanker is able to
disconnect rapidly in case weather conditions change quickly whether it is due to polar lows,
cyclonesorthickfogconditionsmakingitunsafetocontinueloadingoperations.Turretcanthenbe












Since the loading terminal isnow locatedaway from the ice susceptible zone,winterizedveryͲor
ultralargecrudecarriers(V/ULCC’s)canbeusedtotransportoilstraightfromthefieldtothemarket.
For fields further north, iceͲstrengthened shuttle tankers would be a more economical solution,
transferringoilbacktoatranshipmentterminalonshore,beforetheoilmakesitswaytothemarket.




benecessary to installasubseacompressionstationsimilar to theonebeing implementedon the
OrmenLangefield(drygas)ortheÅsgardfield(wetgas)(Øvrum,2010),tomaintainproductionrates
as the reservoir is depleted and pressure drops. In case the gas export solution from the Johan
Sverdrup field is tiedback to the Snøhvit field, it iswise to install such a stationdownstreamof
Figure24.PlottedIcebergDriftbasedonRecordedData.Dotsevery10minutes(Løset,2011c)
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Snøhvit to capitalizeon thebenefits. Flow assurancewillbe amajor challengehere;pipeͲinͲpipe
technology is recommended to maintain desired operating conditions and avoid risk of hydrate
formationsincealternativeconceptssuchasDirectOnlineHeating(DOH)wouldbeuneconomicalas
proven on some of the recent North Sea developments assessed in recent years (ref. Linnorm;
Wilson,2013).Optimalpipeline routeneeds tobedefinedandmitigation strategies suchasMEG





Oneof themain challenges associatedwith both the infield infrastructure and export facilities is
pipeline installation.ConsiderationswillbesimilartoSnøhvitandweatherwindowswillneedtobe
accurately estimated to limit “waiting onweather” downtime. Thiswill be very challenging since
limited data is available conditions are erratic.
Nevertheless, making use of stateͲofͲtheͲart submarine
andsubͲice installationconcepts, (Figure25)suchas the
distanceͲdeployed and remotely operated 400 mT
lift/construction unit being developed by Hereema
MarineContractors(HMC),willmakealargecontribution
to facilitating thischallenge.Winteroperationsmaywell






must be carefully reviewed to decidewhether a vesselwill be constantly located at the field or
whetheritwillbesharedamongstneighbouringfields(possiblyJohanCastberg,SnøhvitandGoliat).
Currently,Goliathaveelected tohave severalvesselsonpermanent station in thearea,equipped
with infraredcamerasandoildetection radars (EniNorge,2013).The recommendedsolution is to
haveaniceͲstrengthenedvesselcapableofcarryingoutlightintervention(CategoryA),maintenance
andcapableof launchingAUV’s (automatedunderwatervehicle).However, there isnosuchvessel
currentlyavailableonthemarketthatcanoperateintemperaturesbelowͲ20qC.Thissolutionwould
ideallybecombinedwithcarryingout IMRand light interventionscampaignsusinganAUVsuchas
SWIMMER (Tito and Rambaldi, 2009) during winter months. SWIMMER is able to operate
continuouslyforupto3months,whichseemstobeasuitablesolutionforthecurrentneeds.Future
developmentsfurthernorth intheArcticwillrequireamuch longeroperatingperiod,morerobust
performance (currentlyahighnumberof failures iswitnessed leading tomany recoverymissions)
andamuchlongerrange.Duringsummermonths,moreextensiveinterventionsbydrillshipscanbe
performed.ManyAUVconceptsarebeingdevelopedandtrialled,somemoresuccessfulthanothers
and according toBillingham (2006) fromBritish Petroleum, this seems tobe the answer todeep
water andArctic IMR and light interventionoperating cost savings, the author agrees.Billingham
estimatesthatsavingscanrangefrom$1Ͳ4millionperannum,significantenoughtojustifythepreͲ
investment. SWIMMER for example, is a concept that uses anAUV carrying aWROV (WorkͲover




hydraulics and are necessary to launch theWROV for IMR and light intervention tasks. TheAUV
makesitswayautonomouslyouttocarryoutcertaintasksandreturnstoadockingstationdrivenby
amissionplan.Once itreturns, it isabletofeeddataback
to the host and is capable of launching the WROV from
withinthedockingstationwithatetherrangeof200m.
The firstapplicationofSWIMMER is forecast tobeon the
Pazflor fieldofftheWestcoastofAfrica in600Ͳ1200mof
water,whichwilladequatelytestthetechnologyandoffer
validation and qualification for the rest of the industry
(Figure26).
Submarine intervention and IMR concepts can also be






























 Wind AirTemperature Current IceConditions
Mean 8.5Ͳ9.0m/s Ͳ6qC 0.75Ͳ0.80m/s 1.8m




As can be seen from this section, subsea field development in the Arctic is very attractive and
although therearemanychallenges thatneed tobeaddressed, therearealsomanyopportunities
thatcanbeexplored.Thegeneralconditionssuchasseastatearecomparabletootherdeveloped
regionson theNorwegianContinental Shelfhowever thereareadditional factors to considerand
accountforinthedesign.





Oneof themosteffectiveways toensureallHealth,Safety,EnvironmentandQuality related risks





the hazard or threat. At such sessions, a minimum variety of participants are usually required,
representing a range of different expertise, disciplines and development phases such as design,
installation, operations and maintenance. This adds to the quality of the hazard identification
workshop sincedifferentperspectiveson the samehazardsand threatsare reviewedandamore
dynamicdiscussionresults.
A chairman or coordinator always facilitates such HAZID workshops and is in turn assisted by a
secretary (this could be one of the participants but generally not). A senior engineer with vast
experienceintheHAZIDprocessiscommonlyselectedasaHAZIDchairman.Asfortheparticipants,
differentcompanieshavedifferent requirementshowever theminimumshould includeadelegate
with knowledge of the local legal requirements and regulations and an experienced Operator in
additiontothecoredevelopmentteam.Thiscouldincluderepresentativefromdrilling,wellservices,
subsea engineering, vendor representatives, fabrication and construction, offshore installation,
logistics and subject matter experts in specialized areas such as flow assurance or process
engineering.
Now that the team is assembled and the relevant expertise are gathered, it is essential to
complement their skills with the relevant drawings, documentation and procedures to allow the
mostefficientandeffectiveuseoftheirtime.AttheinitialHAZIDcarriedoutatanearlystageofthe











goalsand referencedocuments relevant to theHAZIDandwill specifya listofminimum required
attendeeswithoutwhomthesessioncouldnotbefulfilled.
DuringtheHAZID,theprocessisfairlystraightforward.Keywordsareusedtostimulatethediscussion
and allow participants to share their experience and knowledge in raising potential hazards and
threats associated to those keywords. Different subͲcategories are listed under each keyword to
ensureamoreconcentrated, specificanddetailedanalysis iscarriedoutwhileavoidinghighͲlevel




1. Identify generic HAZARDS through use of generic keyword; the hazards
representfailuresordeviationsthatcanimpairtheicemanagementfunction
(e.g.wrongdata interpretation)ORwhichcan representadirecthazard to



















3. Identify the consequences to personnel/environment/assets from the
HAZARD(Cause)









physical conditions, as presented in Chapter 3, combining that with specific local considerations
demonstrated inChapter2,engineering judgment isapplied to recommendpossibledevelopment
solutionsandidentifytechnologygaps.





The results of the HAZID show that there is a heightened focus on the effects of the physical
environment where novel challenges are introduced that have not been seen before on the
NorwegianContinentalShelf.IncidentssuchasthegroundingofKullukattheendof2012andothers
showjusthowcrucialitistohavedoubleandpossiblytriplebarrierswhenworkinginsuchharshand
sensitiveenvironments.Theothermaineventthattrendswithin theHAZID is lossofcontainment.
DuetotheremotenessoftheArcticregionandthefragileecosysteminthearea,hydrocarbonleaks
aredetrimental to theenvironment.Addedattention is requiredwhenworking in theArcticsince
vaporization of hydrocarbon on the sea surface is greatly reduced and containment is almost
impossible especially in areas where sea ice is present. This is due to the physical properties of
hydrocarbonswhereathinlayerbuildsonthesurfaceofthewaterandyetismobileenoughtolodge
betweenthe icesheetandwatersurface.Notonlydoesthiscausecontaminationtothe icethat is
irrecoverable, italsopropagatesmuch fartherandquickercompared to theopen seas.Beloware
twobowtiesthatsummarizethetwomostcriticalmaineventssummarizedbelowandthefullHAZID
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5 Discussion
Goingthroughthereport, it is importanttohighlight limitations insomeareaswherethescopeof
thethesishasbeenlimited.Initially,whilesettingthesceneandpresentingthelocalenvironmentin
the Barents Sea, the author has intended to keep the presentation brief due to several reasons.
Primarily, this is a technical report that assesses the technical feasibility and associated risks of
developing fieldsandprospects in thehighnorthandArctic regionsofNorway.Toensure sucha
technical focus ismaintained, theauthorhassteeredaway fromcluttering the reader’smindwith
information about local norms, environmental concerns and debates or socioͲeconomical gains
althoughthiswastosomedegreepartofthestudy.Futurepublicationsareplannedthatwilladdress





Arctic challenges in the general media, cold climate, sea ice and iceberg concerns are most
commonlymentionedsince these instigate fearandenablewriters toestablishanostalgicviewof
theArctic.These infactarenottheonlycriticalchallengesasdescribedbysection2.2,sincesome
phenomenasuchaspolarlowsorthelackofdataandnavigationaidsinthearea,eventhoughnotas
redolent,are considered tobeevenmore challengingand foreign.However littleefforthasbeen
madetoaddressthoseandthis isthemainmessagetheauthorattemptstocommunicatethrough
thechallengessection.
Secondly,whendescribing thedevelopment solutions, knowing the conservativenatureof theoil
andgasindustry,theauthorhasfocusedonpresentingthosetechnologiesthathavebeentriedand
testedinharshArcticenvironments–backtotheconceptofbestavailableandqualifiedtechnology.
An additional touch of personal engineering judgment and critique was added to each of the
solutionstohighlightthelimitationsaswellasthestrengthsofeachofthesolutions.Astechnology
develops, this list of solutions will grow and more options will be available such as the semiͲ
submersible solution Statoil are now proposing to use on the Johan Castberg development. The
concept aims to tie back two subsea fields, one on each of Skrugard and Havis to a winterized
semisubmersiblehostfacility(.It istheauthor’sviewthatthis isahighͲriskundertakingforseveral
reasonsincludingthosementionedintheresultsoftheGridAnalysisandHAZIDaswellasthatsemiͲ

















Finally, it isrecommendedthatfurtherworkbecarriedouttofurther identifygapsbetweenwhere
thevarioussubseatechnologieshavecometotodayandwhatisrequiredtobeabletosafelydeploy
suchkit in thehighnorthandArctic regions inmoredetail.This reportpresentsboth the current
technology levels as well as possible development solutions in the future without dissecting
technologygapsandattemptingtodevelopsolutions.Suchareasoffurtherworkmightincludeand
arenotlimitedtoinvestigationofthefollowing:





to connect and export the oil. The has phase on the other hand would undergo subsea







Ͳ Long reach controlswill be another limitationwhere current technology is already being
severelychallengedwithhowmuchautomationandcontrolscopecanbeachievedovera
150km tie back distance. If the aim is to develop remoteArctic fields located some 500Ͳ
600kmoffshoreandcontrollingthemremotelytoavoidthehighͲriskenvironmentthefields
are located in, then more robust, flexible and efficient technologies will be necessary.
Hydraulic control of valves and instruments subsea is a 1960s technology that has not
developedmuch since then.Hydraulic fluids have becomemore environmentally friendly
andarelesselastichowevertheconceptofusinghydraulicfluidsneedsastepchangeinthe
rightdirection.CameronEngineeringhavebegundevelopingsuchconceptswheretheyhave





orgreed?”hasbeenahot topicnow for several yearsand seems to continue.Ononehand, the
global demand for resources is increasing, people’s lifestyles are becoming more dependent on
hydrocarbonͲbasedproductswhetherintheformoffuels,plasticsorsyntheticmaterials,andonthe
otherhandsupply is rapidlydiminishing fromcurrentlydeveloped fields;sowhat is theanswer to
thisdilemma?
As this report has demonstrated through bringing together various sources of information and
offeringengineeringjudgementandriskanalysis, it isevidentthatexistingfieldsneedtobefurther
developed tomaximizeultimate recoveryaswellas thedireneed to find resources inunexplored




1. Compilationofdataaboutphysicalenvironment in the regionand comparisonwithother
regions where oil and gas fields have been developed to identify suitable development
solutionsthatmaybeimplementedtoensuresafeandeffectiveproduction
2. Compilationofawide rangeof resources,nevercompiled insuchawaypreviously,about
what available and qualified technologies have been used in similar environments to the
Norwegianhighnorthasperpoint1
3. Engineering judgment and critique of the solutions as per point 2 on their applicability,
suitabilityandlimitationstakingtheNorwegianhighnorthscenariointoperspective
4. Gapanalysisofwhere thecurrent technology is,andwhere itneeds todevelop toenable
safeandeffectiveproductionintheregion
5. GridAnalysis to summarize the findingsofpoints2 and4 and identify themost suitable,
availableandqualifiedtechnologytodevelopaJohanCastbergͲtypedevelopment





iceextentandconcentration ismuchhigheroffSakhalin Islandcompared to thesouthernBarents




factors mentioned in section 2.2, make the development of fields such as Johan Castberg and




thoroughmitigations areput inplace. In the author’s view,oneof the first steps towardsbetter
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understanding this region is to install more data gathering stations, meteorological stations and
satellites toobtainmoreaccuratedata.AsuggestionmadebyHovlandandGudmestad is toplace
radars aboard vessels and platforms (Hovland and Gudmestad, 2006), which would reduce
uncertaintyofforecastsandofferlongerwarningdurationsbefore“weatherhits”.Itisalsowisefor
internationalstandardizationorganizationsuchasISO,APIandDNVtocommenceonwritingspecific
“Arctic” inclined guidelines,which can be developed during early design and qualification testing
phasesinconjunctionwiththeoilandgasmajorsandservicecompanies.
A more thorough understanding of the environmental impact is also necessary. Although the
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specific exercise. Power phrases, buzzwords and keywords were adapted from several HAZIDs
conductedpreviouslybothforArcticandhighnorthprojectsaswellasnonͲArcticprojects.ThebowͲ
tiediagramswereproducedbytheuseofatrialversionofBowTieXP®courteouslyprovidedbyCGE
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H
- 1 1 . 0 2
T e m







e r  b o i l e r s ,  s t e a m
 g e n e r a t o r s ,  s u l p h u r  p l a n t s ,  w
a s t e  h e a t  r e c o v e r y  u n i t s ,  h o t  o i l  h e a t i n g  s y s t e m
s ,  r e g e n e r a t i o n  g a s e s  u s e d  
w




o l d  s u r f a c e s  
H
- 1 2 . 0 1
P
r o c e s s  p i p i n g  b e t w
e e n  - 2 5  d e g .  C





o l d  a m
b i e n t  c l i m
a t e ,  J o u l e - T h o m
s o n  e x p a n s i o n s  ( p r o c e s s  a n d  l e a k s ) ,  p r o p a n e  r e f r i g e r a t i o n  s y s t e m
s ,  L P
G
 g a s  p l a n t s
H
- 1 2 . 0 2
P





r y o g e n i c  p l a n t s ,  L N
G
 p l a n t s ,  L N
G




o l d  f l u i d s  
H
- 1 3 . 0 1
O
c e a n s ,  s e a s  a n d  l a k e s  l e s s  t h a n  1 0  d e g .  C
P
N
o r t h  S
e a ,  A
r c t i c  O




p e n  f l a m
e
H
- 1 4 . 0 1
H
e a t e r s  w





l y c o l  r e b o i l e r s ,  a m
i n e  r e b o i l e r s ,  s a l t  b a t h  h e a t e r s ,  w
a t e r  b a t h  h e a t e r s  ( l i n e  h e a t e r s )
H
- 1 4 . 0 2
D





o t  o i l  f u r n a c e ,  C
l a u s  p l a n t  r e a c t i o n  f u r n a c e ,  c a t a l y s t  a n d  d e s i c c a n t  r e g e n e r a t i o n  g a s  h e a t e r s ,  i n c i n e r a t o r s ,  p o w
e r  b o i l e r s
H
- 1 4 . 0 3




r e s s u r e  r e l i e f  a n d  b l o w
d o w




E l e c t r i c i t y
H
- 1 5 . 0 1
V
o l t a g e  >  5 0  t o  4 4 0  V





e r  c a b l e s ,  t e m
p o r a r y  e l e c t r i c a l  l i n e s  o n  c o n s t r u c t i o n  s i t e s
H
- 1 5 . 0 2
V
o l t a g e  >  5 0  t o  4 4 0  V





l e c t r i c  m
o t o r s ,  e l e c t r i c  s w
i t c h g e a r ,  p o w
e r  g e n e r a t i o n ,  w
e l d i n g  m
a c h i n e s ,  t r a n s f o r m
e r  s e c o n d a r y
H
- 1 5 . 0 3
V




v e r h e a d  p o w
e r  l i n e s ,  p o w
e r  g e n e r a t i o n ,  t r a n s f o r m
e r  p r i m
a r y ,  l a r g e  e l e c t r i c a l  m
o t o r s
H
- 1 5 . 0 4




a j o r  l i g h t n i n g - p r o n e  a r e a s
H
- 1 5 . 0 5
E





e t a l l i c  s t o r a g e  v e s s e l s  a n d  p i p i n g ,  p r o d u c t  t r a n s f e r  h o s e s ,  w
i p i n g  r a g s ,  u n e a r t h e d  e q u i p m
e n t ,  a l u m
i n i u m
/ s t e e l ,  h i g h  
v e l o c i t y  g a s  d i s c h a r g e s
H
- 1 6
E l e c t r o m
a g n e t i c  r a d i a t i o n
H
- 1 6 . 0 1
U
l t r a v i o l e t  r a d i a t i o n
P
A
r c  w
e l d i n g ,  s u n s h i n e
H
- 1 6 . 0 2
I n f r a - r e d  r a d i a t i o n
P
F l a r e s
H
- 1 6 . 0 3
M
i c r o w
a v e s
P
G
a l l e y
H
- 1 6 . 0 4
L a s e r s
P
I n s t r u m
e n t a t i o n ,  s u r v e y i n g
H
- 1 6 . 0 5
E
/ M
 r a d i a t i o n  :  h i g h  v o l t a g e  a c  c a b l e s
P
T r a n s f o r m
e r s ,  p o w
e r  c a b l e s
H
- 1 7
I o n i s i n g  r a d i a t i o n  -  o p e n  s o u r c e
H
- 1 7 . 0 1
A




e l l  l o g g i n g ,  r a d i o g r a p h y ,  d e n s i t o m
e t e r s ,  i n t e r f a c e  i n s t r u m
e n t s
H








e l l  l o g g i n g ,  r a d i o g r a p h y
H
- 1 7 . 0 3
N




e l l  l o g g i n g
H
- 1 7 . 0 4
N




c a l e s  i n  t u b u l a r s ,  v e s s e l s  a n d  p r o c e s s  p l a n t  f l u i d s  ( e s p e c i a l l y  i n  C




I o n i s i n g  r a d i a t i o n  -  c l o s e d  s o u r c e
H
- 1 8 . 0 1
A
l p h a ,  b e t a  -  c l o s e d  s o u r c e
P
W
e l l  l o g g i n g ,  r a d i o g r a p h y ,  d e n s i t o m
e t e r s ,  i n t e r f a c e  i n s t r u m
e n t s
H




a  r a y s  -  c l o s e d  s o u r c e
P
W
e l l  l o g g i n g ,  r a d i o g r a p h y
H
- 1 8 . 0 3
N
e u t r o n  -  c l o s e d  s o u r c e
P
W




s p h y x i a t e s
H
- 1 9 . 0 1
I n s u f f i c i e n t  o x y g e n  a t m
o s p h e r e s
C
C
o n f i n e d  s p a c e s ,  t a n k s
H
- 1 9 . 0 2
E






r e a s  w
i t h  C
O
2  f i r e f i g h t i n g  s y s t e m
s  s u c h  a s  t u r b i n e  e n c l o s u r e s
H
- 1 9 . 0 3
D
r o w
n i n g
C
W
o r k i n g  o v e r b o a r d ,  m
a r i n e  s e i s m
i c  o p e r a t i o n s ,  w
a t e r  t r a n s p o r t
H
- 1 9 . 0 4
E




2  p u r g e d  v e s s e l s
H
- 1 9 . 0 5
H




r e a s  w
i t h  h a l o n  f i r e f i g h t i n g  s y s t e m
s  s u c h  a s  t u r b i n e  e n c l o s u r e s  a n d  e l e c t r i c a l  s w
i t c h g e a r  a n d  b a t t e r y  r o o m
s
H







e l d i n g / b u r n i n g  o p e r a t i o n s ,  f i r e s
59
H





a z a r d  D
e s c r i p t i o n
S a f e t y
H
e a l t h
E n v
S o u r c e s
H
- 2 0
T o x i c  g a s
H
- 2 0 . 0 1
H
2 S






o u r  g a s  p r o d u c t i o n ,  b a c t e r i a l  a c t i v i t y  i n  s t a g n a n t  w
a t e r ,  c o n f i n e d  s p a c e s  i n  s o u r  o p e r a t i o n s
H
- 2 0 . 0 2
E





l e e p i n g  i n  c a r s  w
i t h  r u n n i n g  e n g i n e s ,  h e a t i n g  d e v i c e s ,  c a r  g a r a g e
H








p o n e n t  o f  H
2 S
 f l a r e  a n d  i n c i n e r a t o r  f l u e  g a s
H
- 2 0 . 0 4
B





p o n e n t  o f  c r u d e  o i l ,  c o n c e n t r a t e d  i n  g l y c o l  v e n t  e m
i s s i o n s  a n d  W
e m
c o  u n i t s
H
- 2 0 . 0 5
C






a t e r  t r e a t m
e n t  f a c i l i t i e s
H
- 2 0 . 0 6
W




o n s t r u c t i o n  a n d  m
e t a l  f a b r i c a t i o n / r e p a i r ,  w
e l d i n g  t o x i c  m
e t a l s  ( g a l v a n i s e d  s t e e l ,  c a d m
i u m
- c o a t e d  s t e e l ) ,  m
e t a l  c u t t i n g ,  
g r i n d i n g  
H
- 2 0 . 0 7




c c o m
m
o d a t i o n ,  o f f i c e  b u i l d i n g s ,  i n s i d e  c a r s ,  b o a t s ,  h e l i c o p t e r s ,  a e r o p l a n e s
H






i r  c o n d i t i o n i n g ,  r e f r i g e r a t i o n ,  a e r o s o l  s p r a y s
H
- 2 1
T o x i c  l i q u i d
H
- 2 1 . 0 1
M




l e c t r i c a l  s w
i t c h e s ,  g a s  f i l t e r s
H







T r a n s f o r m
e r  c o o l i n g  o i l s
H
- 2 1 . 0 3
B




a t e r  t r e a t m
e n t  s y s t e m
s
H
- 2 1 . 0 4
M




a s  d r y i n g  a n d  h y d r a t e  c o n t r o l
H
- 2 1 . 0 5
B




y d r o c a r b o n  p r o d u c t i o n ,  w
e l l  k i l l  f l u i d ,  p a c k e r  f l u i d s
H
- 2 1 . 0 6
G




a s  d r y i n g  a n d  h y d r a t e  c o n t r o l
H
- 2 1 . 0 7
D




a i n t e n a n c e  s h o p s
H
- 2 1 . 0 8




o - p a c k  p a i n t  s y s t e m
s
H
- 2 1 . 0 9
S




a s  s w
e e t e n i n g  
H
- 2 1 . 1 0
A
m




a s  s w
e e t e n i n g  
H
- 2 1 . 1 1
C




d d i t i v e  t o  p i p e l i n e s  a n d  o i l / g a s  w
e l l s ,  c h r o m
a t e s ,  p h o s p h a t e s
H
- 2 1 . 1 2
S




o o l i n g  a n d  i n j e c t i o n  w
a t e r  a d d i t i v e
H
- 2 1 . 1 3
L i q u i d  m




r i l l i n g  f l u i d  a d d i t i v e
H
- 2 1 . 1 4
O
d o r a n t  a d d i t i v e s  ( m




u s t o d y  t r a n s f e r  f a c i l i t i e s  f o r  g a s ,  L P
G
 a n d  L N
G
H
- 2 1 . 1 5
A





- 2 1 . 1 6
R





- 2 1 . 1 7
U
s e d  e n g i n e  o i l s  ( p o l y c y c l i c a r o m




s e d  e n g i n e  o i l s
H
- 2 1 . 1 8
C
a r b o n  t e t r a c h l o r i d e
C
P
l a n t  l a b o r a t o r y
H
- 2 1 . 1 9
G
r e y  a n d / o r  B
l a c k  W
a t e r
S
e p t i c  s y s t e m
s ,  c a m
p s ,  d e t e r g e n t s
H
- 2 2
T o x i c  s o l i d
H
- 2 2 . 0 1
A
s b e s t o s
C
D
T h e r m
a l  i n s u l a t i o n  a n d  c o n s t r u c t i o n  m
a t e r i a l s ,  o l d  r o o f i n g  ( e n c o u n t e r e d  d u r i n g  r e m
o v a l )
H
- 2 2 . 0 2
M
a n - m
a d e  m
i n e r a l  f i b r e
C
D
T h e r m
a l  i n s u l a t i o n  a n d  c o n s t r u c t i o n  m
a t e r i a l
H
- 2 2 . 0 3
C
e m




i l  w
e l l  a n d  g a s  w
e l l  c e m
e n t i n g ,  c i v i l  c o n s t r u c t i o n
H
- 2 2 . 0 4
S
o d i u m




r i l l i n g  f l u i d  a d d i t i v e
H
- 2 2 . 0 5
P
o w
d e r e d  m




r i l l i n g  f l u i d  a d d i t i v e
H
- 2 2 . 0 6
S




u l p h u r  r e c o v e r y  p l a n t s
H
- 2 2 . 0 7
P




i p e l i n e  c l e a n i n g  o p e r a t i o n s
H
- 2 2 . 0 8
O





i l  a n d  g a s  w
e l l  d r i l l i n g
H
- 2 2 . 0 9
P





i l  a n d  g a s  w
e l l  d r i l l i n g
H
- 2 2 . 1 0
W





i l  a n d  g a s  w
e l l  d r i l l i n g
H
- 2 2 . 1 1
C
e m




i l  a n d  g a s  w
e l l  d r i l l i n g ,  p l a n t  c o n s t r u c t i o n
H
- 2 2 . 1 2
D
u s t s
C
C
u t t i n g  b r i c k w
o r k  a n d  c o n c r e t e ,  d r i v i n g  o n  u n p a v e d  r o a d s ,  c a r p e n t e r  s h o p s ,  g r i t  b l a s t i n g ,  s a n d  b l a s t i n g ,  c a t a l y s t  ( d u m
p i n g ,  
s c r e e n i n g ,  r e m
o v a l ,  d r u m
m
i n g )
H




 c o m
p o u n d s  a n d  o t h e r  h e a v y  m




e l d i n g  f u m
e s ,  h a n d l i n g  c o a t e d  b o l t s
H
- 2 2 . 1 4
O








o r r o s i v e  s u b s t a n c e s
H
- 2 3 . 0 1
H






e l l  s t i m
u l a t i o n
H
- 2 3 . 0 2
H






e l l  s t i m
u l a t i o n
H
- 2 3 . 0 3
S






e t  b a t t e r i e s ,  r e g e n e r a n t  f o r  r e v e r s e  o s m
o s i s  w
a t e r  m
a k e r s
H
- 2 3 . 0 4
C
a u s t i c  s o d a  ( s o d i u m




r i l l i n g  f l u i d  a d d i t i v e
60
H





a z a r d  D
e s c r i p t i o n
S a f e t y
H
e a l t h
E n v




i o l o g i c a l  h a z a r d s
H
- 2 4 . 0 1
P
o i s o n o u s  p l a n t s  ( p o i s o n  i v y  a n d  o a k ,  s t i n g i n g  n e t t l e s ,  n i g h t s h a d e )
B
N
a t u r a l  e n v i r o n m
e n t
H
- 2 4 . 0 2
L a r g e  a n i m
a l s  ( d o g s ,  c a t s ,  r a t s ,  A
f r i c a n  w
i l d  a n i m
a l s )
B
N
a t u r a l  e n v i r o n m
e n t
H
- 2 4 . 0 3
S
m
a l l  a n i m
a l s  ( s n a k e s ,  s c o r p i o n s ,  l i z a r d s )
B
N
a t u r a l  e n v i r o n m
e n t
H
- 2 4 . 0 4
F o o d - b o r n e  b a c t e r i a  ( e g  E
.  C
o l i )
B
C
o n t a m
i n a t e d  f o o d
H
- 2 4 . 0 5
W
a t e r - b o r n e  b a c t e r i a  ( e g  l e g i o n e l l a )
B
C
o o l i n g  s y s t e m
s ,  d o m
e s t i c  w
a t e r  s y s t e m
s
H
- 2 4 . 0 6
P
a r a s i t i c  i n s e c t s  ( p i n  w
o r m
s ,  b e d  b u g s ,  l i c e ,  f l e a s )
B
I m
p r o p e r l y  c l e a n e d  f o o d ,  h a n d s ,  c l o t h i n g ,  l i v i n g  s i t e s  ( p i n  w
o r m
s ,  b e d  b u g s ,  l i c e ,  f l e a s  )
H
- 2 4 . 0 7
D
i s e a s e  t r a n s m
i t t i n g  i n s e c t s  ( m
o s q u i t o e s - m
a l a r i a  a n d  y e l l o w
 f e v e r ,  t i c k s - l i m
e  d i s
B
N
a t u r a l  e n v i r o n m
e n t
H
- 2 4 . 0 8
C
o l d  a n d  F l u  V
i r u s
B
O
t h e r  p e o p l e
H
- 2 4 . 0 9
H
u m
a n  I m
m
u n e  d e f i c i e n c y  V





o n t a m
i n a t e d  b l o o d ,  b l o o d  p r o d u c t s  a n d  o t h e r  b o d y  f l u i d s
H
- 2 4 . 1 0
O
t h e r  C
o m
m
u n i c a b l e  D
i s e a s e s
B
O
t h e r  p e o p l e
H
- 2 5
E r g o n o m
i c  h a z a r d s
H
- 2 5 . 0 1
M
a n u a l  m
a t e r i a l s  h a n d l i n g
E
P
i p e  h a n d l i n g  o n  d r i l l  f l o o r ,  s a c k  h a n d l i n g  i n  s a c k  s t o r e ,  m
a n o e u v r i n g  e q u i p m
e n t  i n  a w
k w
a r d  l o c a t i o n s
H
- 2 5 . 0 2
D
a m







e l e a s e s  f r o m
 r e l i e f  v a l v e s ,  p r e s s u r e  c o n t r o l  v a l v e s
H
- 2 5 . 0 3






n g i n e  r o o m
s ,  c o m
p r e s s o r  r o o m
s ,  d r i l l i n g  b r a k e ,  a i r  t o o l s
H
- 2 5 . 0 4
H
e a t  s t r e s s  ( h i g h  a m
b i e n t  t e m
p e r a t u r e s )
P
N
e a r  f l a r e ,  o n  t h e  m
o n k e y  b o a r d  u n d e r  c e r t a i n  c o n d i t i o n s ,  i n  o p e n  e x p o s e d  a r e a s  i n  c e r t a i n  r e g i o n s  o f  t h e  w




- 2 5 . 0 5
C
o l d  s t r e s s  ( l o w
 a m
b i e n t  t e m
p e r a t u r e s )
P
O
p e n  a r e a s  i n  w
i n t e r  i n  c o l d  c l i m
a t e s ,  r e f r i g e r a t e d  s t o r a g e  a r e a s
H
- 2 5 . 0 6
H
i g h  h u m




a t e s  w
h e r e  s w
e a t  e v a p o r a t i o n  r a t e s  a r e  t o o  l o w
 t o  c o o l  t h e  h u m
a n  b o d y ,  p e r s o n a l  p r o t e c t i v e  c l o t h i n g
H
- 2 5 . 0 7
V





a n d - t o o l  v i b r a t i o n ,  m
a i n t e n a n c e  a n d  c o n s t r u c t i o n  w
o r k e r ,  b o a t i n g
H
- 2 5 . 0 8
W
o r k s t a t i o n s
E
P
o o r l y  d e s i g n e d  o f f i c e  f u r n i t u r e  a n d  p o o r l y  l a i d  o u t  w
o r k s t a t i o n s
H
- 2 5 . 0 9





o r k  a r e a s  r e q u i r i n g  i n t e n s e  l i g h t ,  g l a r e ,  l a c k  o f  c o n t r a s t ,  i n s u f f i c i e n t  l i g h t
H
- 2 5 . 1 0
I n c o m
p a t i b l e  h a n d  c o n t r o l s
E
C
o n t r o l s  p o o r l y  p o s i t i o n e d  i n  w
o r k p l a c e  r e q u i r i n g  w
o r k e r s  t o  e x e r t  e x c e s s i v e  f o r c e ,  l a c k i n g  p r o p e r  l a b e l s ,  h a n d - o p e r a t e d  c o n t r o l  
v a l v e s ,  f o r  e x a m
p l e  i n  d r i l l e r  h o u s e ,  h e a v y  m
a c h i n e r y ,  c o n t r o l  r o o m
s
H




a r d  l o c a t i o n  o f  w
o r k p l a c e s  a n d  m
a c h i n e r y
E
M
a c h i n e r y  d i f f i c u l t  t o  m
a i n t a i n  r e g u l a r l y  d u e  t o  t h e i r  a w
k w
a r d  p o s i t i o n i n g ,  f o r  e x a m
p l e  v a l v e s  i n  a n  u s u a l l y  h i g h  o r  l o w
 p o s i t i o n
H
- 2 5 . 1 2
M
i s m
a t c h  o f  w
o r k  t o  p h y s i c a l  a b i l i t i e s
E
R
e q u i r i n g  o l d e r  w
o r k e r s  t o  m
a i n t a i n  a  h i g h  p h y s i c a l  l e v e l  o f  a c t i v i t y  o v e r  t h e  c o u r s e  o f  a n  8 / 1 2  h o u r  d a y ,  h e a v y  c o n s t r u c t i o n  
w
o r k  p e r f o r m
e d  b y  s l i g h t  i n d i v i d u a l s
H
- 2 5 . 1 3
M
i s m
a t c h  o f  w
o r k  t o  c o g n i t i v e  a b i l i t i e s
E
R
e q u i r i n g  i n d i v i d u a l s  t o  m
o n i t o r  a  p r o c e s s  w
i t h o u t  t r y i n g  t o  r e d u c e  t h e i r  b o r e d o m
 b y  g i v i n g  t h e m
 a  h i g h e r  t a s k  l o a d ,  a s k i n g  a  
w
o r k e r  t o  s u p e r v i s e  s o m
e t h i n g  h e / s h e  i s  n o t  q u a l i f i e d
H
- 2 5 . 1 4
L o n g  a n d  i r r e g u l a r  w
o r k i n g  h o u r s / s h i f t s
E
O
f f s h o r e  l o c a t i o n s  u t i l i s i n g  l o n g  s h i f t  c y c l e s ,  o v e r t i m
e ,  n i g h t  s h i f t s ,  r o l l o v e r  s h i f t s
H
- 2 5 . 1 5
P




b i g u i t y  o f  j o b  r e q u i r e m
e n t s ,  u n c l e a r  r e p o r t i n g  r e l a t i o n s h i p s ,  o v e r / u n d e r  s u p e r v i s i o n ,  p o o r  o p e r a t o r / c o n t r a c t o r  i n t e r f a c e s
H
- 2 5 . 1 6
W
o r k  p l a n n i n g  i s s u e s
E
W
o r k  o v e r l o a d ,  u n r e a l i s t i c  t a r g e t s ,  l a c k  o f  c l e a r  p l a n n i n g ,  p o o r  c o m
m
u n i c a t i o n s
H
- 2 5 . 1 7
I n d o o r  c l i m
a t e  ( t o o  h o t /  c o l d /  d r y /  h u m
i d ,  d r a u g h t y )
E
U
n c o m
f o r t a b l e  c l i m
a t e  f o r  p e r m
a n e n t l y  m
a n n e d  a r e a s
H
- 2 6
P s y c h o l o g i c a l  h a z a r d s
H
- 2 6 . 0 1
L i v i n g  o n  t h e  j o b / a w
a y  f r o m






e s i c k n e s s ,  m
i s s i n g  f a m
i l y  a n d  s o c i a l  e v e n t s ,  u n a b l e  t o  b e  i n v o l v e d  i n  c o m
m
u n i t y ,  f e e l i n g  o f  i s o l a t i o n  a n d  l o s i n g  c h u n k s  o f  
l i f e .  D
r i f t i n g  a w
a y  f r o m
 s p o u s e  a n d  f a m
i l y ,  d e v e l o p m
e n t  o f  d i f f e r e n t  i n t e r e s t s  a n d  f r i e n d s ,  t h r e a t e n e d  b y  s p o u s e ' s  
i n d e p e n d e n c e ,  w
i n d - d o w
n  p e r i o d  a t  s t a r t  o f  b r e a k .  I n a b i l i t y  t o  s u p p o r t  s p o u s e  i n  d o m
e s t i c  c r i s i s .  D




- 2 6 . 0 2
W





a r e n e s s  t h a t  m
i s t a k e s  c a n  b e  c a t a s t r o p h i c ,  v u l n e r a b l e  t o  t h e  m
i s t a k e s  o f  o t h e r s ,  r e s p o n s i b l e  f o r  t h e  s a f e t y  o f  o t h e r s .  
A
w
a r e n e s s  o f  d i f f i c u l t y  o f  e s c a p e  i n  a n  e m
e r g e n c y .  A
w
a r e n e s s  o f  r i s k s  i n  h e l i c o p t e r  t r a v e l ,  a d v e r s e  w
e a t h e r .
H
- 2 6 . 0 3
P
o s t  t r a u m




e r i o u s  i n c i d e n t s ,  i n j u r i e s  t o  s e l f  a n d  o t h e r s
H
- 2 7
S e c u r i t y  r e l a t e d  H
a z a r d s
H
- 2 7 . 0 1
P




- 2 7 . 0 2
A





- 2 7 . 0 3
S




- 2 7 . 0 4
C
r i s i s  ( m





- 2 7 . 0 5






s e  o f  N
a t u r a l  R
e s o u r c e s
H
- 2 8 . 0 1
L a n d
R
I n s t a l l a t i o n  s i t e s ,  d r i l l i n g  l o c a t i o n s ,  s e i s m









a z a r d  D
e s c r i p t i o n
S a f e t y
H
e a l t h
E n v
S o u r c e s
H
- 2 8 . 0 2
W
a t e r
R
C
o o l i n g  w
a t e r
H




T u r b i n e s ,  c o m
b u s t i o n  e n g i n e s  ( c a r s ,  t r u c k s ,  p u m
p  a n d  c o m
p r e s s o r  d r i v e r s )
H
- 2 8 . 0 4
T r e e s ,  v e g e t a t i o n
R
I n s t a l l a t i o n  s i t e s ,  s e i s m
i c  c l e a r i n g ,  p i p e l i n e  r i g h t - o f - w
a y s ,  d r i l l i n g  l o c a t i o n s  
H
- 2 8 . 0 5
G
r a v e l
R
B
o r r o w




e d i c a l
H
- 2 9 . 0 1
M
e d i c a l  u n f i t n e s s
M
M
e d i c a l l y  u n f i t  s t a f f  f o r  t h e  t a s k
H
- 2 9 . 0 2
M




 c h a n g e  o n  w
a t e r ,  m





T o p i c
S
u b s e a  F i e l d  D
e v e l o p m
e n t  i n  t h e  A
r c t i c  a n d  h i g h  N
o r t h
P r e p a r e d  B
y
R
i a d  E
l - W
a r d a n i
D
a t e
2 9  J a n u a r y  2 0 1 3
B
a s i s
S
k r u g a r d - t y p e  f i e l d ,  l o c a t e d  N
o r t h  o f  N
o r w
a y  w
i t h i n  t h e  S
o u t h e r n  B




i l a r  d e v e l o p m
e n t  c o n c e p t  t o  G
o l i a t  w
i t h  b u o y  s h a p e d  F P
S
O
 h o s t  a n d  s u b s e a  t i e - b a c k s .







r o c e s s
D
e s c r i b e s  t h e  H
A
Z I D
 p r o c e s s  a n d  a  b r i e f  p r o j e c t  d e s c r i p t i o n
C
a t e g o r y  1
N
a t u r a l  &
 E
n v i r o n m
e n t a l  H
a z a r d s
C
a t e g o r y  2
F a c i l i t y
C
a t e g o r y  3
H
e a l t h  H
a z a r d s
C
a t e g o r y  4
P
r o j e c t  I m
p l e m
e n t a t i o n  I s s u e s
H






e s c r i b e s  t h e  R
A
M
 i n  p a r t i c u l a r  t h e  c a t e g o r y  d e f i n i t i o n .
W
o r k s h o p  D
a t e











i a d  E
l - W
a r d a n i
S
h e l l ,  S
u b s e a  S
y s t e m
s  E
n g i n e e r
2
I l y a  S
i z o v
A
k e r S




n g i n e e r
3
K
o u r o s h  M
a s h a y e k h
A
i b e l ,  P
r o j e c t  E
n g i n e e r
4
A
l e j a n d r o  B
e n c o m
o
T e c h n i p ,  S
e n i o r  P
r o j e c t  E




e d  M
a h r a n
S
u b s e a  7 ,  P
i p e l i n e  D
e s i g n  E




u i d e w
o r d






T h e  p o s s i b i l i t y  o f  s h i p  c o l l i s i o n  d u e  t o  l o w
 
v i s i b i l i t y  ( f o g ,  s n o w
,  r a i n ,  e t c . )
P
o s i t i o n  o f  h o s t  f a c i l i t i e s  t o  b e  v e r i f i e d  f o r  
s h i p p i n g  r o u t e  a n d  t h e  r e q u i r e m
e n t  f o r  
R
a d a r  B
e a c o n  t o  b e  c o n f i r m
e d .  5 0 0 m
 
e x c l u s i o n  z o n e  a r o u n d  h o s t  f a c i l i t y .  H
a l t  
m
a r i n e  o p e r a t i o n s  d u r i n g  l o w
 v i s i b i l i t y ,  b a d  
w










a t i c s  a n d  m
a r i n e  c o n f i r m
e d  r e q u i r e m
e n t  
f o r  R
a d a r  B




e c o m
m
e n d a t i o n  R




e s s e l s  o r  e q u i p m
e n t  d a m
a g e  d u e  t o  p o l a r  
l o w
s  o r  n o r t h  a t l a n t i c  h u r r i c a n e s  d u r i n g  
c o n s t r u c t i o n ,  i n t e r v e n t i o n  o r  i n s t a l l a t i o n
S
p e c i a l  r i s k  d u r i n g  s u b s e a  c o n s t r u c t i o n  
c a m
p a i g n s .  C
o m
p a n i e s  t o  h a v e  t h e  
r e q u i r e d  p a t i e n c e  a n d  d u e  d i l l i g e n c e  t o  w
a i t  
f o r  s u i t a b l e  w
e a t h e r  w
i n d o w
s  t o  c a r r y  o u t  
c a m
p a i g n s  w
i t h o u t  r i s k i n g  a s s e t s  a n d  
s a f e t y .  B
a c k  u p  v e s s e l s  a n d  p r o c e d u r e s  t o  
b e  i n  p l a c e  i n  c a s e  n e e d  a r i s e s  f o r  p r o m
p t  







s e  o f  v e s s e l  m
o u n t e d  m
e t e o r o l o g i c a l  r a d a r s  
t o  i m
p r o v e  f o r e c a s t i n g .  U
p d a t e  m
o d e l s  t o  g a i n  
h i g h e r  a c c u r a c y  i n  p r e d i c t i n g  w
e a t h e r  w
i n d o w
s .  
B
u d g e t  f o r  d o w
n t i m
e  a n d  c o n t i n g e n c y  w
h e n  
p l a n n i n g  o f f s h o r e  c a m
p a i g n s .  D
e s i g n  
e q u i p m
e n t  f o r  g o o d  i n s t a l a b i l i t y .  " K
u l l u k "  
e x a m
p l e .
D
e s i g n
L a t e  d e t e c t i o n  o f  a p p r o a c h i n g  i c e  f e a t u r e s ,  
l a t e  m
o b i l i z a t i o n  o f  i c e b e r g  m
a n a g e m
e n t  
v e s s e l s  d u e  t o  l a c k  o f  v i s i b i l i t y  o r  i n c o r r e c t  
p r o g r a m
m
i n g  o f  r a d a r .
M
a k e  u s e  o f  i c e b e r g  r a d a r ,  s c o u t i n g  
v e s s e l s  o r  o t h e r  m
e a n s .  L i m
i t a t i o n  w
i t h  
i m











e s i g n
B
a d  s e a  s t a t e  w
i l l  h i n d e r  v e s s e l  t r a n s f e r  a n d  
i n c r e a s e  r i s k  o f  v e s s e l  t r a n s p o r t .
D
u e  t o  b a d  w
e a t h e r ,  t r a v e l  t o  t h e  h o s t  
f a c i l i t y  b y  b o a t  w
i l l  n o t  b e  a l l o w
e d .  I f  c r e w
 
a r e  a l r e a d y  o n  t h e  p l a t f o r m
,  b o a t  t r a n s f e r  
w
i l l  n o t  b e  a l l o w
e d  f o r  s w






l e a r  B
o a t  T r a n s f t e r  P
r o c e d u r e s  a n d  f o l l o w
i n g  
p r o t o c o l .
O
p e r a t i o n
B
a d  w
e a t h e r  c o n d i t i o n  w
h i c h  d i s a l l o w
s  
t r a n s f e r  b y  b o a t / h e l i c o p t e r .
N
o r m
a l  a n d  s c h e d u l e d  o u t d o o r  a c t i v i t i e s  
w
i l l  i n c u r  h i g h e r  r i s k .  T o  m






i n i m
a l  r e q u i r e m
e n t  f o r  t i e r e d  r e s p o n s e ,  
T i e r - 2  r e q u i r e m
e n t  s t a t e s  t h e  n e e d  f o r  a n  
A
d v a n c e d  P
a r a m
e d i c  a n d  r e s p o n s e  o f  
1 h o u r  a n y w
h e r e  o n  t h e  N
o r w
e g i a n  s e c t o r  
( F a l c k N




T o  p r o v i d e  t r a i n i n g  a n d  a d e q u a t e  e q u i p m
e n t  a s  
r e c o m
m




 t o  m
e e t  T i e r  2  
r e s p o n s e .
D
e s i g n  
I c e b e r g  a n d  i c e  
f e a t u r e s  d r i f t
F a i l u r e  t o  i d e n t i f y  c o r r e c t  d r i f t  d i r e c t i o n ,  s p e e d  
a n d  c h a r a c t e r i s t i c  b e h a v i o u r s  o f  d i f f e r e n t  i c e  
f e a t u r e s  m
a y  l e a d  t o  c o l l i s i o n
E
x p e r i e n c e d  p e r s o n n e l  a n d  u s e  o f  v a r i o u s  
t r a c k i n g  t o o l s  f o r  c o n t i n u o u s  m








T r a j e c t o r y  f o r  d i f f e r e n t  i c e  f e a u t u r e s  c h a n g e  
s i g n i f i c a n l t y ,  i c e b e r g s  m
a y  b r e a k  d o w
n  a n d  
c h a n g e  t r a j e c t o r y  a n d  b e h a v i o u r
D
e s i g n
I c e b e r g  a n d  i c e  
f e a t u r e s  d r i f t
L a c k  o f  u n d e r s t a n d i n g  o f  i c e  f e a t u r e  b e h a v i o u r  
s u c h  a s  s c o u r i n g  l e a d i n g  t o  i n s u f f i c i e n t  d e s i g n
E
x p e r i e n c e d  d e s i g n  e n g i n e e r s  a n d  
a p p l y i n g  g e n e r o u s  d e s i g n  f a c t o r s  t o  a v o i d  
" n e a r  m
i s s e s " ,  r e f .  H
i b e r n i a  d e s i g n e d  f o r  
6 m
i l l i o n  t o n  i c e b e r g  w
h e r e a s  l a r g e s t  
i c e b e r g  w
i t n e s s e d  I  t h e  a r e a  h a s  n o t  c o m
e  
a n y w
h e r e  n e a r  t h i s  m











e s i g n
I c e b e r g  a n d  i c e  
f e a t u r e s  d r i f t
D
a n g e r o u s  i c e  c o m
i n g  t h r o u g h  f a c i l i t i e s  a r e a  
a n d  n o / w
r o n g  d e c i s i o n  b e i n g  m
a d e  r e g a r d i n g  
d i s c o n n e c t i o n  o r  l e a v i n g  l o c a t i o n
P
r o c e d u r e s ,  r e s p o n s i b i l i t i e s  a n d  d e c i s i o n  
c r i t e r i a  t o  b e  e s t a b l i s h e d  a n d  c l e a r l y  
c o m
m











p e r a t i o n
1 . 0 2
L i g h t n i n g
L i g h t n i n g
L i g h t n i n g  s t r i k e s  a t  e l e v a t e d  p o i n t s  i . e .  c r a n e
O
f f s h o r e  p l a t f o r m
s  a n d  v e s s e l s  a r e  p r o n e  
t o  l i g h t n i n g  s t r i k e s  o n  h i g h  p o i n t s .  A
r r e s t o r s  
a n d  p r o p e r  e a r t h i n g  t o  b e  i n c o r p o r a t e d  a s  






T o  c o n f i r m
 t h a t  l i g h t n i n g  s t r i k e s  h a z a r d s  i s  
a d d r e s s e d  i n  d e s i g n  a n d  e n s u r e  a d e q u a t e  
e a r t h i n g  a s  p e r  i n d u s t r y  s t a n d a r d s .
D
e s i g n  
1 . 0 3
E
a r t h q u a k e s
E
a r t h q u a k e
P
o s s i b l e  i m
p a c t  i s  p e r s o n n e l  f a t a l i t y ,  d a m
a g e  
t o  s t r u c t u r e s  a n d  f a c i l i t i e s .
D
e s i g n e d  t o  l a t e s t  m








I n v e s t i g a t e  c r e d i b i l i t y  o f  o c c u r a n c e  a n d  d e s i g n  
a c c o r d i n g l y .  R
e v i e w
 d e s i g n  p r e m
i s e  
a c c o r d i n g l y .
F E
E
1 . 0 4
E
r o s i o n
G
r o u n d  s l i d e ,  
c o a s t a l ,  r i v e r i n e
P
o s s i b l e  g r o u n d  s l i d e  /  s o i l  i n s t a b i l i t y .  
N
o r w
e g i a n  s e c t o r  c o m
m
o n l y  e n c o u n t e r s  
u n c o n s o l i d a t e d  l a y e r s  o v e r  h a r d  c l a y .  C
o u l d  
l e a d  t o  g r o u n d  s l i d e  d u e  t o  i n c r e a s e d  l o a d s  
f r o m
 r o c k  d u m
p  /  s e a b e d  p r e p a r a t i o n s  f o r  
e q u i p m
e n t .
C
a r r y  o u t  b o r e  h o l e  a n a y l s i s  a t  i n s t a l l a t i o n  
s i t e  t o  d e t e r m
i n e  s o i l  c o n d i t i o n s .
L
D
e s i g n
R
e c o m
m
e n d a t i o n / A
c t i o n
T i m
i n g
( P r o j e c t  
P h a s e )
P e o p l e
E n v i r o n m
e n t
P
h y s i c a l  
E
n v i r o n m
e n t  
E
x t r e m
e s
T h r e a t
C
o n t r o l s ,  B
a r r i e r s
N
a t u r a l  a n d  
E
n v i r o n m
e n t a l  
H
a z a r d s
A
d v e r s e  w
e a t h e r  
( t e m
p e r a t u r e ,  w
a v e s ,  
w
i n d ,  d u s t ,  f l o o d i n g ,  
s a n d s t o r m
s ,  i c e ,  
b l i z z a r d s ,  f o g ,  





 F I E L D
 D







e g i s t e r




















e p u t a t i
o n
A




a t e g o r y  
H
a z a r d / E v e n t  
( E x p a n d e r s )
1 . 0 1
64
G
u i d e w
o r d







e c o m
m
e n d a t i o n / A
c t i o n
T i m
i n g
( P r o j e c t  
P h a s e )
P e o p l e
E n v i r o n m
e n t
T h r e a t
C
o n t r o l s ,  B
a r r i e r s
R
e p u t a t i
o n
A




a t e g o r y  
H
a z a r d / E v e n t  
( E x p a n d e r s )
1 . 0 5
S
u b s i d e n c e
G
r o u n d  s t r u c t u r e ,  
f o u n d a t i o n s ,  
r e s e r v o i r  d e p l e t i o n
P
o t e n t i a l  d a m
a g e  o f  r i s e r s ,  s u b m
e r g e n c e  o f  
b o a t  l a n d i n g  a n d  f a c i l i t i e s  l o c a t e d  c l o s e  t o  
m
u d l i n e .
D
e s i g n  c o n s i d e r a t i o n s  t h r o u g h  f o u n d a t i o n  
d e s i g n ,  m
u d m
a t s  o n  s u b s e a  e q u i p m
e n t  
e t c .  a n d  a n n u a l  m









e s i g n  t o  c a t e r  f o r  u n c e r t a i n t i e s  a n d  a d e q u a t e  
s u b s i d e n c e  a l l o w
a n c e s  f o r  s u b -
s t r u c t u r e . I n c o r p o r a t e  l e s s o n s  l e a r n t  f r o m
 
E
k o f i s k  C
o m
p l e x  i f  a v a i l a b l e  a n d  l a t e s t  
p r e d i c t i o n  i n t o  d e s i g n .
D
e s i g n
1 . 0 6
P
h y s i c a l  
E
n v i r o n m
e n t  
M
o d e l s
L a c k  o f  o r  l i m
i t e d  
e n v i r o n m
e n t a l  
m
o d e l s
I n c o r r e c t  p l a n n i n g  a n d  e x e c u t i o n  o f  o f f s h o r e  
m
a r i n e  a c t i v i t i e s ,  o v e r l o a d  i n  m
o o r i n g  a n d  
r i s e r  s y s t e m
s  i f  u n e x p e c t e d  c o n d i t i o n s  a r e  m
e t  
r e s u l t i n g  i n  p e r m
a n e n t  d a m
a g e  o r  
u n n e c e s s a r y  d i s c o n n e c t i o n  o f  o p e r a t i n g  
f a c i l i t i e s .
M
a k e  u s e  o f  i c e b e r g  r a d a r s ,  s c o u t i n g  
v e s s e l s ,  a i r  p e t r o l  a n d  o t h e r  m
e a n s  s o  a s  
t o  p r o v i d e  m
u l t i p l e  s o u r c e s  o f  d a t a  
g a t h e r i n g .  C
o n t i n u o u s l y  m
o n i t o r  c h a n g i n g  
p a r a m
e t e r s  a n d  u p d a t e  m











e s i g n
2 . 0 1
S
e c u r i t y  H
a z a r d s
I n t e r n a l  a n d  e x t e r n a l  
s e c u r i t y  t h r e a t s
T r e s p a s s i n g  o f  f i s h e r m
e n  o n  t o  p l a t f o r m
 a n d  
i n t e r f e r i n g  w
i t h  p l a t f o r m
 f a c i l i t i e s .  
I n s t a l l a t i o n  o f  m
o n i t o r e d  t r e s p a s s i n g  g a t e  
o n  h o s t  f a c i l i t y ,  p o s s i b l y  a d d  s p i k e s  o n  r i s e r  
g u a r d s  t o  d e t r a c t  o f f e n d e r s  f r o m
 c l i m
b i n g  







p e r a t i o n
2 . 0 2
F i s h i n g
T r a w
l b o a r d  i m
p a c t  
d a m
a g i n g  s u b s e a  
i n f r a s t r u c t u r e ,  
s n a g g i n g  o n  
p i p e l i n e s ,  f l o w
l i n e s  
a n d  u m
b i l i c a l s .
F i s h e r m
e n  a c t i v i t i e s  ( t r a w
l i n g ,  f i s h i n g )  p o s i n g  
d a n g e r  o f  r u p t u r i n g  p i p e l i n e s ,  f l o w
l i n e s  o r  
u m
b i l i c a l s  o r  l e a v i n g  e n t a n g l e d  f i s h i n g  
l i n e s / h o o k s .  P
o t e n t i a l  i n t e r f e r e n c e  w
i t h  
o f f l o a d i n g  o p e r a t i o n s  a n d  c o l l i s i o n  r i s k s .
C
o m
p l e x  i s  m
a n n e d  a n d  c u r r e n t  
e s t a b l i s h e d  s e c u r i t y  p r o c e d u r e s  ( p a t r o l l i n g  
s t a n d b y  v e s s e l s ,  l i a s o n  w
i t h  g o v e r n m
e n t  
s e c u r i t i e s ,  e t c . )   w
i l l  b e  i n c o r p o r a t e d  t o  










I n s t a l l  t r a w
l  b o a r d  p r o t e c t i o n ,  G
R
P
 c o v e r s  o n  
h a r d w
a r e  a n d  w
e l l  a p p r o a c h e s .  I n c l u d e  p i p e l i n e  
r o u t e s  o n  f i s h i n g  c h a r t s  a n d  e x c l u s i o n  z o n e s  o n  
m
a r i t i m
e  m
a p s  f o r  h i g h  r i s k  a r e a s .
D
e s i g n
2 . 0 3
T e r r o r i s t  A
c t i v i t y
R
i o t s ,  c i v i l  
d i s t u r b a n c e ,  s t r i k e s ,  
m
i l i t a r y  a c t i o n ,  
p o l i t i c a l u n r e s t
N
o n e  r e p o r t e d  i n  N
o r w
a y  t o  d a t e
L i a i s o n  w
i t h  g o v e r n m







p e r a t i o n
P
i p e l i n e  t i e - i n s  a r e  n o t  e x p e c t e d  t o  c r o s s  o v e r  
a n y  r e e f s / c o r a l  o u t c r o p s .  P
i p e l i n e  m
a y  c r o s s  
t h r o u g h  s p e c i a l  b r e e d i n g  g r o u n d s  f o r  d i f f e r e n t  
f i s h  s p e c i e s ,  k i n g  c r a b  o r  w
h a l e  m
i g r a t i o n  
r o u t e s .
C
a r r y  o u t  t h o r o u g h  r o u t e  m
a p p i n g  a n d  
p l a n n i n g  t o  a v o i d  d e t r e m
e n t a l  e f f e c t s  o n  
s u r r o u n d i n g  e n v i r o n m
e n t .  T a k e  
e n v i r o n m
e n t a l  s u r v e y  b e f o r e ,  d u r i n g  a n d  
a f t e r  c a r r y i n g  o u t  s i g n i f i c a n t  a c t i v i t y  i n  t h e  







l o s e  a n d  o p e n  c o m
m
u n i c a t i o n  w
i t h  N
G
O
s  a n d  
l o c a l  g r o u p s  t o  d i s c u s s  p l a n s  a n d  a v o i d  
e n c r o a c h i n g  o n  s e n s i t i v e  a r e a s ,  t a k e  n e c e s s a r y  
m
e a s u r e s  t o  r e d u c e  o r  e l i m
i n a t e  a c t i v i t i e s  
d u r i n g  b r e e d i n g  o r  m
i g r a t i o n  s e a s o n s ,  b e  
v i s i b l e  w
i t h  e f f o r t s  b e i n g  m
a d e .
D
e s i g n
C
o l l i s i o n  r i s k s  f r o m
 p l y i n g  v e s s e l s  a t  p r o x i m
i t y . C
o m
p l e x  i s  g a z e t t e d  o n  s e a l i n e  m
a p .  
N
a v i g a t i o n a l  a i d s  a r e  p r o v i d e d .  B
e a c o n  o n  





p e r a t i o n
3 . 0 2
P
r o x i m
i t y  t o  
T r a n s p o r t  
C
o r r i d o r s
S
h i p p i n g  l a n e s ,  a i r  
r o u t e s ,  r o a d s ,  e t c
N
o r t h  E
a s t  s h i p p i n g  l a n e  c l o s e - b y  i n  t h i s  a r e a  
a n d  o p e n i n g  u p  f o r  m
o r e  t r a f f i c  i n  r e c e n t  
y e a r s ;  n o  t h r e a t s  r e c o r d e d  t o  d a t e
L
O
p e r a t i o n
L e a k s  f r o m
 f a c i l i t y  o r  s u b s e a  i n f r a s t r u c t u r e  
d a m
a g e  t o  t h e  s e a  a n d  f o r  o f f s h o r e  l o a d i n g  
s t a t i o n .
L e a k s  o n  p l a t f o r m
s  w
i l l  b e  c o n t a i n e d  b y  
d r i p  t r a y s  a n d  c a r e f u l  c o n t a i n m
e n t  o f  
h y d r a u l i c  f l u i d  s y s t e m
s .  L e a k  d e t e c t i o n  
s y s t e m
 i m
p l e m
e n t e d  f o r  s u b s e a  









l o s e  c o m
m
u n i c a t i o n  w
i t h  a u t h o r i t i e s  i n  
r e p o r t i n g  a l l  l e a k s  a n d  d i s c h a r g e s .  C
a r e f u l  
m
o n i t o r i n g  o f  d e t e c t i o n  s y s t e m
s  a n d  r e g u l a r  
i n s p e c t i o n  o f  h y d r a u l i c  f l u i d  a r e a s .
D
e s i g n
P
o l l u t i o n  a n d  l i m
i t e d  p o s s i b i l i t y  t o  r e c o v e r  d u e  
t o  i c e  a n d  d e t e c t i o n  o f  t h e  c o n t a i n m
e n t
A
d d i t i o n a l  b a r r i e r s  a n d  l e a k  d e t e c t i o n  o n  









p e r a t i o n
S
t a n d b y  v e s s e l s ,  r i g s  a n d  w
o r k  b a r g e s  
c o n t a m
i n a t e d  e f f l u e n t  d i s c h a r g e s  o v e r b o a r d .  
S
t a n d a r d  c o n t r a c t  r e q u i r e m
e n t s  w
i l l  e n s u r e  
c o m
p l i a n c e  t o  m
a r i t i m
e  &
 e n v i r o n m
e n t a l  






L e g a l  C
o m
p l i a n c e  t o  b e  c h e c k e d  w
h i l s t  
p r e p a r i n g  C
o m
p l i a n c e  R
e g i s t e r  d o c u m
e n t  




i g r a t o r y  p a t h s  o f  b i r d s  a n d  m
a m
m
a l s  
a f f e c t e d .
M
i g r a t i o n  p a t h s  f o r  w
h a l e s  a n d  o t h e r  b i r d s  
a n d  m
a m
m
a l s  i n  t h e  a r e a  t o  b e  r e v i e w
e d  
a n d  r e f l e c t e d  i n  i n s t a l l a t i o n ,  i n t e r v e n t i o n  
a n d  c o n t r u c t i o n  s c h e d u l e s .  L o c a l s  t o  b e  







e t a i l e d  d e s i g n  a n d  i n s t a l l a t i o n  p r o c e d u r e  t o  
c o m
p l y  w
i t h  E
I A
 r e c o m
m
e n d a t i o n s ,  c o m
p l y  w
i t h  
M
i n i m
u m
 E
n v i r o n m
e n t a l  S





e s i g n
E
m
i s s i o n  o f  g a s  w
i t h  H
2 S
,  C
o 2  u n d e r  p r o c e s s  
u p s e t  c o n d i t i o n s .
( 1 )  M
o n i t o r i n g  p r o g r a m
 i n  p l a c e  
( 2 )  C
o n t r o l  a n d  s h u t d o w









o n i t o r i n g  p r o g r a m
m
e  a n d  t r a i n i n g  f o r  H
2 S
 
h a n d l i n g  a n d  d i s p o s a l .  C
a r b o n  c a p t u r e  s c h e m
e  
t o  b e  i n v e s t i g a t e d .
F E
E
3 . 0 4
S
o c i a l  I s s u e s
L o c a l  p o p u l a t i o n ,  
l o c a l  a t t i t u d e ,  
s o c i a l / c u l t u r a l  a r e a s  
o f  s i g n i f i c a n c e
A
r c t i c  i s  a  s e n s i t i v e  p o l i t i c a l  a r e n a  w
i t h  a  l o t  o f  
i n t e r e s t ,  l o c a l  a n d  g l o b a l  c o m
m
u n i t i e s  d o  n o t  
w
a n t  i n d u s t r y  t o  i n t e r f e r e  w
i t h  p r e s t i n e  a r c t i c  
e n v i r o n m
e n t
C
a r e f u l ,  f i t  f o r  p u r p o s e  d e s i g n  a n d  r i g i r o u s  
q u a l i f i c a t i o n  t e s t i n g  o f  a l l  e q u i p m
e n t  b e f o r e  
u s e  i n  a r c t i c  c o n d i t i o n s .  O
p e n  a n d  
t r a n s p a r e n t  c o m
m
u n i c a t i o n  w
i t h  
c o m
m







I n v o l v m
e n t  o f  l o c a l  c o m
m
u n i t i e s ,  o p e n  d i a l o g u e  
w
i t h  g o v e r n m
e n t  a n d  c o m
m
u n i t i e s ,  c a r e f u l  
c o n s i d e r a t i o n  i n  r e s o l v i n g  s o c i a l  a n d  
e n v i r o n m
e n t a l  c o n c e r n s  w
i t h o u t  d i s m
i s s i n g  





e o g r a p h i c a l  -  
I n f r a s t r u c t u r e
V
u l n e r a b l e  f a u n a  a n d  
f l o r a ,  v i s u a l  i m
p a c t
E
n v i r o n m
e n t a l  
I s s u e s
P
l a n t  l o c a t i o n ,  p l a n t  
l a y o u t ,  p i p e l i n e  
r o u t i n g ,  a r e a  
m
i n i m
i s a t i o n
3 . 0 1
3 . 0 3
C
r e a t e d  ( M
a n -
m
a d e )  H
a z a r d s
E
f f e c t  o f  t h e  
F a c i l i t y  o n  t h e  
S
u r r o u n d i n g s
65
G
u i d e w
o r d







e c o m
m
e n d a t i o n / A
c t i o n
T i m
i n g
( P r o j e c t  
P h a s e )
P e o p l e
E n v i r o n m
e n t
T h r e a t
C
o n t r o l s ,  B
a r r i e r s
R
e p u t a t i
o n
A




a t e g o r y  
H
a z a r d / E v e n t  
( E x p a n d e r s )
N
i g h t  f l y i n g  w
i l l  b e  r e q u i r e d ,  s o  h e l i d e c k  n e e d s  
t o  t o  e q u i p e d  f o r  n i g h t  f l y i n g .  D
u e  t o  l a c k  o f  
i n f r a s t r u c t u r e  i n  t h e  a r e a ,  r e - f u e l i n g  f o r  
e x t e n d e d  t r i p s  m
i g h t  b e  d i f f i c u l t  a n d  
e m
e r g e n c y  r e s p o n s e  s l o w
.
H
e l i d e c k  w
i l l  b e  e q u i p e d  f o r  n i g h t  f l y i n g .  
S
o m
e  f u e l i n g  c a p a c i t y  t o  b e  i n c l u d e d  o n  
h o s t  f a c i l i t y .  D
e d i c a t e d  n o r t h  /  a r c t i c  
h e l i c o p t e r  b a s e  r e q u i r e d  i n  h i g h  n o r t h  t o  
s e r v i c e  f u t u r e  d e v e l o p m






I n c r e a s e d  l o g i s t i c  s u p p o r t  ( a i r  &
 s e a )  i n  t h e  
m
o v e m
e n t  o f  p e o p l e  a n d  s u p p l i e s .
I m
p l e m
e n t  s t r i c t  s a f e t y  r e g u l a t i o n s  a s  p e r  
N












o n d u c t  i n c r e m
e n t a l  c o a r s e  q u a l i t a t i v e  r i s k  
a s s e s s m
e n t  ( Q
R
A
)  i n  a  t i m
e l y  m
a n n e r  f o r  e a r l y  
i m
p l e m
e n t a t i o n  i n t o  d e s i g n .
F E
E
4 . 0 3
S
u p p l y  S
u p p o r t
C
o n s u m
a b l e s / s p a r e s  
h o l d i n g
P
r e s e r v a t i o n  a n d  s t o r a g e  o f  s p a r e s  a n d  
c o n s u m
a b l e s
E
a r l y  i d e n t i f i c a t i o n  a n d  p l a n n i n g  f o r  s t o r a g e  
a n d  h a n d l i n g  o f  c a p i t a l  s p a r e s  a n d  
c o n s u m
a b l e s .  D
e d i c a t e d  p r o t e c t e d  s t o r a g e  
f a c i l i t i e s  t o  b e  i m
p l e m
e n t e d  o n  h o s t .
F E
E
4 . 0 4
S
a t e l l i t e
L a c k  o f  o r  l i m
i t e d  
s a t e l l i t e  c o v e r a g e ,  
m
e t e o r o l o g i c a l  a n d  
o c e a n o g r a p h i c  d a t a  
a n d  i c e  i n f o r m
a t i o n .
D
i f f i c u l t  t o  d e t e c t  a n d  e v a l u a t e  d i f f e r e n t  
w
e a t h e r  f e a t u r e s  c o m
i n g  i n t o  t h e  a r e a  s u c h  a s  
p o l a r  l o w
s ,  h u r r i c a n e s ,  i c e  c o v e r  a n d  a d v e r s e  
w









a k i n g  u s e  o f  s e v e r a l  d i f f e r e n t  s o u r c e s  s u c h  
a s  s t a t i s t i c a l  m
o d e l s ,  o n s h o r e  s t a t i o n s  a n d  
o f f s h o r e  v e s s e l  b a s e d  s o l u t i o n s  m
u s t  b e  




e s i g n  w
i l l  b e  i n  c o m
p l i a n c e  t o  N
o r w
e g i a n  
r e g u l a t i o n s  a n d  s p e c i f i c a l l y  h i g h  n o r t h  a n d  
a r c t i c  r e q u i r e m
e n t s  o f  n o  c o n t i n u o u s  f l a r i n g  
u n d e r  n o r m
a l  o p e r a t i o n s .
D
e s i g n  w
i l l  b e  i n  c o m






e g i a n  r u l e s  a n d  r e g u l a t i o n s  t o  b e  s t r i c t l y  
a d h e r e d  t o  a n d  i m
p l e m
e n t e d
D
e s i g n
E
m
i s s i o n  o f  g a s  w




2  u n d e r  p r o c e s s  
u p s e t  c o n d i t i o n s .
( 1 )  M
o n i t o r i n g  p r o g r a m
 i n  p l a c e  
( 2 )  C
o n t r o l  a n d  s h u t d o w









o n i t o r i n g  p r o g r a m
m
e  a n d  t r a i n i n g  f o r  H
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h a n d l i n g  a n d  d i s p o s a l
D
e s i g n
5 . 0 2
C
o n t i n u o u s  P
l a n t  
D
i s c h a r g e s  t o  
W
a t e r
T a r g e t / l e g i s l a t i v e  
r e q u i r e m
e n t s ,  
d r a i n a g e  f a c i l i t i e s ,  
o i l / w
a t e r  s e p a r a t i o n
A
l l  p r o d u c e d  w
a t e r  m
u s t  b e  r o u t e d  f o r  
t r e a t m
e n t  a n d  s t o r a g e  o r  r e i n j e c t i o n ,  n o  
d i s c h a r g e  t o  s e a .  F a i l u r e  o f  p u m
p  o r  p r o c e s s  
e q u i p m
e n t s ,  l e a k  o f  s t o r a g e  v e s s e l s  o r  r u p t u r e  
o f  p i p e .
I m
p l e m
e n t  t r e a t m
e n t  f a c i l i t i e s  o n  h o s t ,  
i n c l u d e  w
a t e r  r e i n j e c t i o n  c a p a c i t y  o r  
t r e a t m






I n c l u d e  w
a t e r  t r e a t m
e n t  a n d  r e i n j e c t i o n  f a c i l i t i e s  
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r o c e d u r e s  t o  c l e a r l y  s p e c i f y  
i m
p a c t  o f  i n c l u d i n g  i n e r t  g a s  f o r  A
F P
 a n d  
m
i t i g a t e  a g a i n s t  r i s k  b y  a v o i d i n g  p e r s o n n e l  






9 . 0 9
W
a s t e  S t o r a g e  a n d  
T r e a t m
e n t
D
u e  t o  r e m
o t e  l o c a t i o n  
s o m
e  s t o r a g e  o f  
h a z a r d o u s  w
a s t e  w
i l l  
b e  n e c e s s a r y
E
x p o s u r e  o f  p e r s o n n e l  t o  h a z a r d o u s  w
a s t e ,  
i n c o r r e c t  l a b l e l l i n g  /  s t o r a g e  o f  h a z a r d o u s  
w
a s t e ,  d i s c h a r g e  t o  s e a
O
p e r a t i n g  P
r o c e d u r e s  t o  c l e a r l y  s p e c i f y  
i m
p a c t  o f  i n c l u d i n g  h a z a r d o u s  w
a s t e  
s t o r a g e ,  c o r r e c t  l a b e l i n g ,  h a n d l i n g  a n d  
m
a r k i n g  t o  b e  i m
p l e m







p e r a t i o n s
9 . 1 0
C
h e m
i c a l / f u e l  
S t o r a g e
R
e f e r  9 . 0 4  a n d  9 . 0 9
O
p e r a t i o n s
9 . 1 1
P o t a b l e  W
a t e r
D
u e  t o  r e m
o t e n e s s  o f  
l o c a t i o n ,  n e e d  f o r  
p o t a b l e  w
a t e r  
p r o d u c t i o n  n e c e s s a r y
C
o n t a m
i n a t i o n  o f  p o t a b l e  w
a t e r  s y s t e m
A
d e q u a t e  d e s i g n  a n d  r e d u n d a n c y  i n  
p o t a b l e  w
a t e r  s y s t e m
,  c l e a r  s e g r a g a t i o n  
f r o m
 s e r v i c e  w
a t e r  a n d  o t h e r  s o u r c e s .  
I m
p l e m
e n t  r o b u s t  m
e a s u r e s  a n d  l a b e l i n g  t o  
a v o i d  c o n t a m
i n a t i o n  o f  p o t a b l e  w
a t e r ,  
m
o n i t o r i n g  e q u i p m
e n t  t o  b e  i m
p l e m
e n t e d  








9 . 1 2
S e w
e r a g e
C
o n t a m
i n a t i o n  o f  o t h e r  
s y s t e m
s  s u c h  a s  s e r v i c e  
a n d  p o t a b l e  w
a t e r ,  
d i s c h a r g e  t o  s e a  n o t  i n  
a c c o r d a n c e  w
i t h  
r e g u l a t i o n s
A
d e q u a t e  d e s i g n  a n d  r e d u n d a n c y  i n  
s e w
a g e  s y s t e m
,  c l e a r  s e g r a g a t i o n  f r o m
 
s e r v i c e  a n d  p o t a b l e  w
a t e r .  S
e w
a g e  
h a n d l i n g  f a c i l i t i e s  ( m
a c e r a t o r )  t o  b e  
i n c l u d e d  i n  d e s i g n  a c c o r d i n g  t o  l o c a l  















u i d e w
o r d









a t e g o r y  
H
a z a r d / E v e n t  
( E x p a n d e r s )
T h r e a t
R
e c o m
m
e n d a t i o n
C
o n t r o l s ,  B
a r r i e r s
T i m
i n g
( P r o j e c t  





1 0 . 0 1
A
c c e s s  
R
e q u i r e m
e n t s
C
o l d  c l i m
a t e  a n d  
e n v i r o n m
e n t a l  
c o d i t i o n s  c o m
p l i c a t e  
a c c e s s  f o r  m
a i n t e n a n c e  
e s p e c i a l l y  d u r i n g  
w
i n t e r  m
o n t h s .
G
r e a t e r  c l e a r a n c e s  r e q u i r e d  f o r  c o l d  c l i m
a t e  
o p e r a t i o n s ,  s p e c i a l  a t t e n t i o n  t o  s u b s e a  
m
a i n t e n a n c e  a n d  i n t e r v e n t i o n  e s p e c i a l l y  
d u r i n g  w
i n t e r  m
o n t h s  w
h e r e  a c c e s s  t o  a r e a  i s  
l i m
i t e d  d u e  t o  w
e a t h e r  c o n d i t i o n s .
C
l e a r  a n d  r o b u s t  M
a i n t e n a n c e  
M
a n a g e m
e n t  P
l a n  a n d  f a l l  b a c k  p r o c e d u r e s  
i n  c a s e  o f  c o r r e c t i v e  m
a i n t e n a n c e  r e q u i r e d  
d u r i n g  w
i n t e r  m







e s i g n




o n a l i t y  o f  
E q u i p m
e n t
W
i t h  i m
p l e m
e n t a t i o n  
o f  n e w
 t e c h n o l o g y  
s p e c i f i c a l l y  s u i t e d  t o  
a r c t i c  c l i m
a t e ,  
i n c r e a s e d  r i s k  o f  
h u m
a n  e r r o r  a n d  
u n f a m
i l i a r i t y  w
i t h  




a n  e r r o r ,  l a c k  o f  p o s s i b i l t y  f o r  
i n t e r c h a n g e a b i l i t y  e s p e c i a l l y  d u r i n g  
m
a i n t e n a n c e  i n  w
i n t e r  m
o n t h s  w
h e r e  s u p p l y  
t r a f f i c  i s  l i m
i t e d
I m
p l e m
e n t  a d e q u a t e  c a p i t a l  s p a r i n g  
p h i l o s o p h y ,  p r o m
o t e  r e p e a t a b i l i t y  a n d  
s t a n d a r d i z a t i o n  i n  d e s i g n  f o r  m







e s i g n
1 0 . 0 5
H
e a v y  L i f t i n g  
R
e q u i r e m
e n t s
C
r a n e  r e q u i r e m
e n t  f o r  l i f t i n g  o f  m
o d u l e s ,  b o t h  
s u b s e a  a n d  o n  h o s t .  S
i z e  a n d  w
e i g h t s  o f  
e q u i p m
e n t  t o  b e  o p t i m
i z e d  t o  a v o i d  u s e  o f  
h e a v y  l i f t  v e s s e l s  a n d  s u i t a b i l i t y  f o r  u s i n g  
C
o n s t r u c t i o n  V
e s s e l s .
T h e  f r e q u e n c y  o f  l i f t  w
i l l  d e p e n d  o n  t h e  
e x t e n t  o f  i n f r a s t r u c t u r e  t o  b e  i n s t a l l e d ,  
w
e i g h t s ,  s i z e s ,  h o o k  h e i g h t s  a n d  c r a n e  





e s i g n
1 0 . 0 6
T r a n s p o r t
H
a r s h  c l i m
a t e  a n d  r a p i d l y  c h a n g i n g  
e n v i r o n m
e n t a l  c o n d i t i o n s
C
a m
p a i g n  b a s e d  m
a i n t e n a n c e  w
i t h  s u p p o r t  
b a r g e .  C
a r e f u l  p l a n n i n g  o f  l o g i s t i c s  a n d  
r o b u s t  s u p p l y  c h a i n  m
a n a g e m
e n t  p l a n .
D
e s i g n
M
a i n t e n a n c e  
H
a z a r d s
70
G
u i d e w
o r d






1 1 . 0 1
D
i s e a s e  H
a z a r d s
E n d e m
i c  d i s e a s e s ,  
i n f e c t i o n ,  m
a l a r i a l  
m
o s q u i t o e s ,  h y g i e n e  -  
p e r s o n a l  a n d / o r  
c a t e r i n g ,  c o n t a m
i n a t e d  
w
a t e r  o r  f o o d s t u f f ,  
s o c i a l ,  e . g .  A
I D
S ,  V
D
,  
e t c  s t a g n a n t  w
a t e r ,  p o o r  
l i v i n g  c o n d i t i o n s
F o o d  p o i s o n i n g ,  p e r s o n a l  a n d  c a t e r i n g  
h y g i e n e  a s  w
e l l  a s  b i r d  f l u  ( l o t s  o f  b i r d s  o n  
o f f s h o r e  f a c i l i t i e s )  c o u l d  c a u s e  i l l n e s s ,  l o w
 
p r o d u c t i v i t y ,  w
i d e  s p r e a d  d i s e a s e  e t c .  
a l t h o u g h  t h e  c o l d  t e m
p e r a t u r e s  a r e  a  g o o d  
s e d a t i o n  f o r  b a c t e r i a
H
y g i e n e ,  c a t e r i n g  t e n d e r  ,  p e r s o n a l  
h y g i e n e ,  m
a t e r i a l  h a n d l i n g  p r o c e d u r e s  i n  





n s u r e  c o n t i n u o u s  m
o n i t o r i n g  &
 a w
a r e n e s s
O
p e r a t i o n
1 1 . 0 2
A
s p h y x i a t i o n  
h a z a r d s
A
s p h y x i a t i n g  
a t m
o s p h e r e s ,  f a i l u r e  t o  
u s e  a p p r o p r i a t e  P P E ,  
v e s s e l  e n t r y ,  
w
i n t e r i z a t i o n  r i s k ,  
w
o r k i n g  i n  c o n f i n e d  
s p a c e s ,  s m
o k e ,  e x h a u s t
C
o n f i n e m
e n t  e f f e c t s  m
a y  p o t e n t i a l l y  b e  a n  
i s s u e  e s p e c i a l l y  f o r  w
i n t e r i z e d  f a c i l i t i e s  w
h e r e  
m
o s t  o f  t h e  e q u i p m
e n t  w
i l l  b e  w
i t h i n  c o n f i n e d  
s p a c e s  a n d  e x h a u t  r o u t e d  t o  s a f e  a r e a s
P
l a n t  L a y o u t  M
e t h o d o l o g y  s t u d y  a t  e a r l y  
s t a g e  o f  p r o j e c t  w
i l l  d e f i n e  r i s k s  a n d  
m
i t i g a t i o n s  a s s o c i a t e d  w
i t h  e a c h  o f  t h e  





l a n t  L a y o u t  M
e t h o d o l o g y  ( P
L M
)  r e q u i r e d
O
p e r a t i o n
1 1 . 0 3
C
a r c i n o g e n i c
C
h e m
i c a l s  i n  u s e
M
e t h a n o l ,  M
E
G
 a n d  d i e s e l  h a v e  p o t e n t i a l  t o  
b e  c a r c i n o g e n i c
M
a t e r i a l  H
a n d l i n g  a n d  M
a n a g e m
e n t  
S
t r a t e g y  s h o u l d  a d d r e s s  s a f e  h a n d l i n g  a n d  
d i s p o s a l  o f  c h e m





p e r a t i o n
1 1 . 0 4
T o x i c
H
a z a r d o u s  a t m
o s p h e r e ,  
a s p h y x i a t i n g  
a t m
o s p h e r e ,  c h e m
i c a l s  




g ,  C
O
2  l e v e l s  i n  p r o c e s s  f l u i d s  c o u l d  
b e  h a r m
f u l  t o  t h e  e n v i r o n m
e n t  a n d  t o  




a r e n e s s ,  g u i d e l i n e s  a n d  s t a n d a r d s  
a d h e r e n c e ,  e n s u r e  c o n t i n u o u s  m
o n i t o r i n g  
a n d  d e t e c t i o n  i n  p l a c e .  R
o b u s t  e v a c u a t i o n  
p r o c e d u r e s  a n d  f a i l  s a f e  m





( 1 )  E
n s u r e  t h a t  a d e q u a t e  b a r r i e r  o r  c o n t r o l  
m
e a s u r e s  a r e  i n  p l a c e  t o  d e t e c t  a n d  i s o l a t e  
l e a k  a r e a s
( 2 )  T r a i n i n g  a n d  c e r t i f i c a t i o n  o f  p e r s o n n e l
( 3 )  F a c i l i t i e s  t o  b e  d e s i g n e d  t o  c a t e r  f o r  H
2 S
 
e n v i r o n m
e n t
O
p e r a t i o n
1 1 . 0 5
I n a d v e r t e n t  e x p o s u r e  o f  p e r s o n n e l  t o  r a d i a t i o n  
f r o m
 N
D
T  i s o t o p e s  d u r i n g  c o n s t r u c t i o n  /  
i n s t a l l a t i o n  p e r i o d .
P
e r m
i t  t o  W
o r k  ( P
t W
)  c o n t r o l  a n d  







p e r a t i o n
P
r o l o n g e d  e x p o s u r e  o f  h i g h   n o i s e  u n d e r  
n o r m





,  c o o l e r s ,  
t u r b i n e s  a n d  g e n e r a t o r s .
L i m
i t  p e r s o n n e l  t i m
e  e x p o s u r e  o n  p l a t f o r m
 
a n d  a c o u s t i c  i n d u c e d  v i b r a t i o n  ( A
I V
)  a n d  
n o i s e  s t u d y  a n d  n o i s e  c o n t o u r  m
a p p i n g  
s t u d y  f o r  p l a t f o r m
 t o  i d e n t i f y  n o i s y / h o t  s p o t s  
w
h e r e  i s o l a t i o n  a n d  e a r  p r o t e c t i o n  i s  




o i s e  M
o n i t o r i n g  t o  b e  i m
p l e m
e n t e d  d u r i n g  
o p e r a t i o n  a n d  e q u i p m
e n t  d e g r a d a t i o n  t o  b e  
c l o s e l y  m
o n i t o r e d .
D
e s i g n
1 1 . 0 6
M
e n t a l
S h i f t  p a t t e r n s
P
o t e n t i a l  w
o r r i e s  r e l a t e d  t o  d i s t a n c e  f r o m
 
s h o r e ,  i s o l a t e d  e n v i r o n m
e n t  w
i t h  l i m
i t e d  
i n f r a s t r u c t u r e  a r o u n d ,  e v a c u a t i o n  p r o c e d u r e s  
i n  h i g h  n o r t h  n o t  a s  r o b u s t  a s  r e s t  o f  
N
o r w
e g i a n  s e c t o r ,  p o t e n t i a l  s o u r  g a s  
p r o d u c t i o n ,  i n c r e a s e d  h e a l t h  a n d  s a f e t y  r i s k s  
d u e  t o  c o l d  c l i m
a t e  a n d  e n v i r o n m
e n t a l  
c o n d i t i o n s
R
o b u s t  t r a i n i n g  p r o g r a m
 f o r  e v a c u a t i o n  a n d  
r e s c u e  f r o m
 h i g h  n o r t h ,  t r a i n i n g  a n d  
r e a s s u r a n c e  t o  s t a f f  o f  p o t e n t i a l  r i s k s  a n d  
m
i t i g a t i o n s ,  t r a i n i n g  f o r  s o u r  g a s  f a c i l i t i e s ,  
s u p p l i n g  c r e w
 w
i t h  t h o r o u g h l y  t e s t e d  a n d  
t r i a l l e d  P
P
E





p e r a t i o n
1 1 . 0 7
W
o r k i n g  H
a z a r d s
D
i v i n g ,  w
o r k i n g  i n  
w
a t e r ,  w
o r k i n g  a t  
h e i g h t s ,  h a z a r d o u s  
e q u i p m
e n t ,  h a z a r d o u s  
s u r f a c e s ,  e l e c t r i c i t y ,  




l a t f o r m
 i n s t a l l a t i o n  a n d  r i s e r  t i e - i n s . ,  m
o o r i n g  
a c t i v i t i e s ,  M
a n  O
v e r b o a r d  ( M
O
B
) ,  
m
a i n t e n a n c e  i n  w
i n t e r  m
o n t h s
P
t W
 i n  p l a c e ,  e s t a b l i s e d  p r o c e d u r e  i n  
p l a c e ,  f i t  f o r  p u r p o s e  P
P
E
,  p r o t e c t e d  a n d  
h e a t e d  w
o r k  e n v i r o n m
e n t s  w
h e r e  s u i t a b l e  
w





n s u r e  s p e c i f i c  m
e a s u r e s  a r e  r e c o r d e d  a s  p a r t  
o f  t h e  C
r i t i c a l  A
c t i v i t i e s  C
a t a l o g u e  a n d  H
a z a r d s  
a n d  E
f f e c t s  M
a n a g e m
e n t  P




) ,  
e n s u r e  b o a t  l a n d i n g  i s  a w
a y  f r o m
 r i s e r s
D
e s i g n
H
e a l t h  H






o i s e ,  r a d i a t i o n  
( i o n i s i n g ,  g a m
m
a  
s o u r c e  e . g .  r a d i o a c t i v e  
s c a l e  o r  n o n - i o n i s i n g ,  
e . g .  f l a r e s ,  U
V
,  
s u n l i g h t ) ,  e r g o n o m
i c s
P h y s i c a l
R
e c o m
m
e n d a t i o n
T i m
i n g
( P r o j e c t  




a t e g o r y  -  
G
u i d e  W
o r d
H
a z a r d / E v e n t  
( E x p a n d e r s )
T h r e a t
C
o n t r o l s ,  B







 F I E L D
 D







e g i s t e r











u i d e w
o r d











e c o m
m
e n d a t i o n
T i m
i n g
( P r o j e c t  




a t e g o r y  -  
G
u i d e  W
o r d
H
a z a r d / E v e n t  
( E x p a n d e r s )
T h r e a t
C
o n t r o l s ,  B
a r r i e r s
1 1 . 0 8
T r a n s p o r t
E x c e s s i v e  j o u r n e y s ,  
e x t r e m
e  w
e a t h e r
M
e n t a l  a n d  p h y s i c a l  s t r e s s  d u e  t o  h e l i c o p t e r  
a n d  s e a f a i r i n g  t r a f f i c
O
p t i m
i s e  c r e w
 c h a n g e  p a t t e r n  t o  l i m
i t  t r a v e l  
,  e n s u r e  a d e q u a t e  e q u i p m
e n t ,  e v a c u a t i o n ,  
s e a r c h  a n d  r e s c u e  p l a n s  a n d  p r o c e d u r e s  
a r e  i n  p l a c e  a n d  t h a t  c r e w
 a r e  t r a i n e d  
s u f f i c i e n t l y  t o  d e a l  w
i t h  e m
e r g e n c y  
s i t u a t i o n s .  I m
p l e m
e n t  a n d  f o l l o w
 J o u r n e y  
M
a n a g e m
e n t  P








 b o a t  t r a n s p o r t  a n d  i n t r a - f i e l d  p e r s o n n e l  
t r a n s f e r s  t o  b e  r e v i e w
e d  a s  p a r t  o f  t h e  M
a n n i n g  
P
h i l o s o p h y  a n d  L I R
A
 ( L o g i s t i c s  a n d  
I n f r a s t r u c t u r e  R
i s k  A
s s e s s m
e n t ) ,  D
e t a i l e d  F i e l d  
D
e v e l o p m
e n t  T r a n s p o r t  R
i s k  A
s s e s s m
e n t  t o  b e  
u n d e r t a k e n  a t  d e c i s i o n  g a t e  2  ( C
o n c e p t  D
e s i g n  
t o  D
e t a i l e d  D





u i d e w
o r d






1 2 . 0 1
P r e v a i l i n g  i n f l u e n c e
S t a b i l i t y  a n d  
c o n t r a c t u a l  c o n d i t i o n s ,  
c o n t r a c t o r  s e l e c t i o n  
c o n s t r a i n t s
R
i s k s  r e l a t e d  t o  s c h e d u l e  a n d  q u a l i t y  o f  w
o r k  
d e p e n d i n g  o n  f a m
i l i a r i t y  w
i t h  c o n t r a c t o r  ( e . g .  i f  
n e w
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